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LETTER  OF  TRANSMITTAL. 


Department  op  the  Interior, 
United  States  Geological  Survey, 

Division  of  Hydrography, 
Washington  y  December  i,  1899. 

Sm:  I  have  the  honor  to  transmit  herewith  a  manuscript  prepared 
by  Mr.  J.  B.  Lippincott,  giving  the  results  of  surveys  of  reservoirs  on 
Gila  River,  Arizona,  and  to  recommend  that  it  be  printed  in  the  series 
of  Water-Supply  and  Irrigation  Papers. 

The  investigations  upon  wliich  this  report  is  based  were  originally 
intrusted  to  Mr.  Arthur  P.  Davis,  as  he  was  familiar  with  the  condi- 
tions through  a  preliminary  survey.  Before  the  field  work  was  com- 
pleted, however,  his  services  were  required  by  the  Nicaragua  Canal 
CommissioB,  to  extend  the  studies  of  the  water  supply  of  Central 
America.  The  responsible  oversight  was  then  intrusted  to  Mr.  J.  B. 
Lippincott,  who  up  to  that  time  had  been  assisting  Mr.  Davis. 

This  report  has  been  written  by  Mr.  Lippincott,  and  his  conclusions 
have  been  verified  by  Mr.  James  D.  Schuyler.  The  latter  has  pre- 
pared a  concise  discussion  of  the  matter,  but  at  this  time  it  is  neces- 
sary only  to  quote  his  general  conclusions  and  recommendations,  as 
follows: 

(1)  That  a  minimum  of  40,000  acre-feet  of  water  annually  should  be  stored  for 
the  sapply  of  the  Indian  reservation. 

(2)  That  it  is  not  feasible  to  obtain  this  supply  from  Queen  Creek,  although 
the  construction  of  the  <lam  and  reservoir  proposed  on  the  stream  is  feasible  if  a 
sufiBcient  water  supply  were  available. 

(3)  That  the  GKla  River  is  the  only  available  source  of  permanent  supply. 

(4)  That  it  is  not  feasible  or  advisable  to  build  a  dam  and  reservoir  on  the  Gila 
for  storing  so  small  a  quantity  as  40,000  acre-feet,  on  account  of  the  rapidity  with 
which  a  small  reservoir  must  be  filled  with  silt. 

(5)  That  it  is  not  feasible  to  construct  a  reservoir  outside  of  the  immediate 
channel  of  the  Gila  River  of  sufficient  capacity  to  provide  for  the  wants  of  the 
Indians,  filling  the  same  annually  by  a  conduit  from  the  river. 

(6)  That  it  is  not  advisable  to  build  a  dam  and  reservoir  on  the  channel  of  the 
river  of  less  capacity  than  one-half  the  total  annual  flow  of  the  river  in  minimum 
years. 

(7)  That  feasible  reservoir  and  dam  sites  exist  on  the  Gila  at  the  Buttes,  River- 
side, and  San  Carlos. 

(S)  That  it  is  not  feasible  to  build  a  masonry  dam  at  the  Buttes,  on  account  of 
the  rotten  quality  of  the  rock,  the  great  depth  to  bed  rock,  and  the  excessive 
height  of  dam  required  to  obtain  a  storage  of  174,000  acre-feet,  or  about  one-half 
the  minimum  flow  of  the  stream. 
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(9)  That  the  constmction  of  a  combination  rock-fill  and  masonry  dam  is  feasi- 
ble at  the  Buttes  at  a  cost  of  $3,648,827,  storing  174,040  acre-feet,  bat  that  it  is  not 
feasible  to  constmct  a  dam  of  any  type  of  greater  height  or  capacity. 

(10)  That  the  Buttes  reserroir  of  the  stated  capacity  may  be  expected  to  fill 
with  solid  matter  in  eighteen  years,  unless  dredged  or  sluiced  out. 

(11)  That  it  is  feasible  to  construct  a  masonry  dam  at  Riverside  at  a  cost  of 
$1,989,005,  including  damages  for  right  of  way  and  diversion  dam  at  the  head  of 
the  Florence  canal,  forming  a  reservoir  with  a  capacity  of  221,134  acre-feet. 

(12)  That  it  is  feasible  to  increase  the  height  of  dam  at  the  Riverside  dam  at 
least  70  feet  higher  than  the  one  estimated  upon,  giving  an  ultimate  reservoir 
capacity  of  about  650,000  acre-feet,  which  would  not  be  filled  with  solid  matter 
short  of  sixty-seven  years. 

(13)  That  it  is  feasible  to  construct  a  masonry  dam  at  San  Carlos  at  a  cost  of 
$1,038,926,  including  damages  for  right  of  way  and  diversion  dam  at  the  head  of 
the  Florence  canal,  forming  a  reservoir  of  241,896  acre- feet  capacity,  and  that  the 
water  supply  is  ample  to  fill  such  a  reservoir  in  the  years  of  minimum  flow,  and 
that  the  volume  of  storage  will  irrigate  at  least  100,000  acres  in  addition  to  the 
irrigation  of  the  lands  of  the  Indians. 

(14)  That  it  is  feasible  to  construct  a  dam  at  San  Carlos  at  least  70  feet  higher 
than  that  contemplated  in  the  estimates,  forming  a  reservoir  whose  ultimate  capac- 
ity would  be  approximately  550,000  acre-feet  and  whose  probable  life  of  useful- 
ness would  be  sixty-three  years  before  being  filled  with  silt 

(15)  That  provision  should  be  made  in  the  working  plans  for  these  ultimate 
extensions  suggested  and  the  right  of  way  reserved  in  the  reservoir  basin  for  the 
additional  area  that  may  ultimately  be  flooded. 

(16)  That  the  San  Carlos  dam  should  be  built  as  the  first  step  to  be  taken  for  the 
storage  of  water  upon  the  Gila  and  that  all  other  available  sites  should  be  x)er- 
manently  withdrawn  from  entry  with  a  view  to  their  ultimate  utilization  for  stor- 
age purposes. 

(17)  That  the  working  plans  for  the  San  Carlos  dam  should  be  drawn  to  permit 
of  the  complete  utilization  of  all  power  which  may  be  developed  from  the  head  of 
the  water  issuing  from  the  reservoir  and  steps  be  taken  for  realizing  upon  the 
full  commercial  value  Of  the  power. 

(18)  That  that  portion  of  the  public  domain  which  can  be  irrigated  and 
reclaimed  from  the  surplus  storage  of  the  Gila  River  reservoirs^,  over  and  above 
what  is  required  for  the  Sacaton  Indian  Reservation,  should  be  withdrawn  from 
entry,  segregated  into  an  irrigation  district,  provided  with  a  system  of  canals  of 
distribution,  and  only  offered  for  sale  at  a  rate  commensurate  with  their  true 
value  as  irrigable  lands  with  water  rights,  the  proceeds  to  be  placed  in  a  fund  to 
be  used  only  for  continuing  the  improvement,  extension,  and  care  of  reservoirs 
and  storage  dams  on  the  Gila  River. 

lu  addition  to  the  investigation  authorized  by  the  act  of  July  1, 
1898,  related  work  was  carried  on  at  the  same  time  under  the  annual 
appropriation  for  measuring  the  streams  and  determining  the  water 
supply,  thus  furnishing  general  information  which  has  been  embodied 
in  the  following  pages.  No  attempt  has  been  made  in  this  paper  to 
discriminate  between  the  data  acquired  by  the  two  c^jasses  of  field 
work. 

Very  respectfully,  F.  H.  Newell, 

Hydrographer  in  Charge, 
Hon.  Charles  D.  Walcott, 

Director  United  States  Oeological  Survey. 
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By  Joseph  Barlow  Lippincott. 


EXISTIXG  COXDITIOX8. 
LOCATION  OF   RESERVATION. 

The  Gila  River  Indian  Reser^'ation  consists  of  a  tract  of  357, 120  acres 
lying  on  both  sides  of  Gila  River,  in  southern  Arizona.  It  extends 
from  a  x>oint  about  9  miles  west  of  Florence  to  the  mouth  of  Salt 
River,  the  principal  tributary  of  the  Gila,  an<i  is  approximately  12  miles 
south  of  Phenix,  the  capital  of  the  Territory.  The  greater  portion  of 
this  reservation  consists  of  land  whose  gentle  slopes  are  well  adapted 
to  irrigation.  From  June  1  to  Octolx»r  1  the  weather  is  exceedingly 
warm.  The  relative  humidity  of  the  locality,  however,  is  low,  so  that 
the  effect  of  the  heat  is  largely  mitigated,  and  prostrations  from  this 
cause  are  rare.  It  is  probably  as  well  suited  to  occupation  from  a 
climatic  standpoint  as  the  great  valleys  of  central  California  or  the 
southern  Atlantic  coast.  The  winter  season  is  delightful,  the  tem- 
perature seldom  falling  lower  than  20°  F. 

The  lands  of  this  reser\-ation  are  arid,  the  annual  rainfall  being 
between  7  and  9  inches,  a  large  portion  of  the  i>recipitation  occurring 
during  the  winter  or  nongrowing  months.  The  growth  of  all  crops  in 
this  district  is  wholly  dependent  upon  irrigation,  but  with  water  they 
can  l>e  raised  in  continuous  rotation,  while  successful  dry  farming  is 
an  impossibility.  What  is  true  of  the  Indian  reservation  also  applies 
to  the  adjacent  lands  of  the  Gila  River  Valley.  Wheat,  barley,  com, 
and  alfalfa  grow  luxuriantly  when  watert^d.  The  deciduous  frui<.s 
flourish,  but  winter  temperatures  are  too  low  for  the  citrus  species. 

DESCRIPTION    OF   TRIBES. 

The  Gila  River  Indian  Reservation  is  occui)ied  chiefly  by  the  Pima 
and  Maricopa  Indians  and  a  limited  number  of  Papagos.  The  first 
knowledge  we  have  of  these  Indians  is  obtained  from  a  narrative  of 
(Jabeza  de  Vaca,  a  Spanish  explorer,  who  visited  this  ivgion  about  the 
year  1535,  after  an  adventurous  journey  overland  from  Florida.  This 
traveler  describes  them  very  much  as  they  are  to-day.  They  occupied 
the  same  lands  as  at  present,  and  have  evidently  long  been  industrious 
and  successful  farmers  and  irrigators,  as  they  continued  to  be  for 
many  years  after  the  acquisition  of  Arizona  by  the  United  States. 
Their  average  wheat  crop  was  about  2,000,000  pounds  a  year,  besides 
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which  corn,  pumpkins,  beans,  sorghum,  and  vegetables  were  raised 
in  large  quantities.  They  manufactured  ollas,  or  earthen  jars,  and 
baskets  and  wove  very  fine  blankets  and  cotton  fabrics.  They  lived 
in  small  villages  and  held  their  lands  in  severalty. 

The  Pimas  have  always  been  friends  of  the  whites  and  enemies  of 
the  Apaches.  They  gave  succor  and  assistance  to  the  early  white  set- 
tlers, and  their  doors  were  always  open  to  peaceable  whites  or  Indians 
when  hard  pressed  by  the  savage  foe.  It  is  their^  boast  that  their 
hands  were  never  stained  by  the  white  man's  blood.  It  was  under 
such  conditions  that  they  were  joined,  about  a  century  ago,  by  the 
Maricopas,  who  came  as  fugitives  from  the  more  powerful  Yuma  tribe. 
When  the  belligerent  Apaches  gave  trouble  to  the  settlers,  the  United 
Stat3s  troox>s  sometimes  obtained  substantial  aid  and  comfort  from  the 
Pimas  in  the  way  of  subsistence. 

The  agriculture  of  the  Pima  Indians  was  carried  on  entirely  by  irri- 
gation with  water  diverted  from  Gila  River.  These  tribes  have  always 
supported  themselves,  and  their  progress  toward  civilization  has  been 
regarded  as  one  of  the  encouraging  features  of  the  Indian  problem. 
During  the  last  t«n  years,  their  irrigating  water  having  been  taken 
away  from  them,  they  have  lapsed  into  indolence,  want,  and  vice. 

DECREASE  OF  WATER  SUPPLY. 

Their  condition  of  prosperity,  industry,  and  independence  contin- 
ued until,  by  the  settlement  of  the  Gila  Valley  above  the  reservation, 
the  water  supply  was  partly  cut  off  and  began  to  be  deficient  for  the 
cultivated  lands  on  the  reservation.  No  very  serious  shortage 
occurred,  however,  until  after  the  construction  of  the  Florence  canal 
and  its  diversion  dam,  heading  about  15  miles  above  the  eastern  limit 
of  the  reservation  on  Gila  River.  When  this  canal  was  projected, 
early  in  the  year  1886,  Agent  Wheeler  called  the  attention  of  the 
Department  of  the  Interior  to  the  fact  that  if  the  construction  of  this 
canal  were  permitted,  it  "would  practically  destroy  the  farms  of  the 
Pima  and  Maricopa  Indians  living  on  the  river,"  and  that  the  effect 
would  be  to  render  the  Indians  helpless  and  destitute,  the  water  being 
absolutely  necessary  to  their  existence.  On  March  2, 1886,  the  subject 
was  referred  by  the  Department  to  the  Attorney-Gteneral,  who  directed 
the  United  States  district  attorney  for  Arizona  to  take  the  necessary 
steps  to  protect  the  Indians  from  the  effects  of  the  projected  canal.  The 
matter  was  delayed  until  July  of  the  same  year,  when  the  Director  of 
the  Geological  Survey  was  instructed  by  the  Secretary  of  the  Interior 
to  investigate  and  report  to  the  Department  the  effect  which  the  pro- 
posed canal  would  be  likely  to  have  upon  the  water  supply  for  the 
Indian  reservation.  As  a  result  of  the  investigation  the  following 
facts  were  established: 

(1)  That  the  water  supply  of  the  Pima  and  Maricopa  reserrations  under 
present  conditions  is  no  more  than  sufficient  for  the  wants  of  the  Indians, 
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(3)  That  the  ooDstnictioii  of  a  dam  by  the  Florence  Canal  Company  of  the  char- 
acter retuesented  in  the  correspondence  ¥rill  give  the  control  Bubstuitially  of  all 
the  water  of  the  Gila  Biver;  and  if  the  owners  of  the  dam  carry  the  water  right 
also,  th^  can  deliver  the  water  to  the  reservation  or  not,  as  best  snits  their  plans. 

(8)  That  the  lands  outside  the  reservation  which  oonld  be  economically  supplied 
with  water  by  such  a  canal  greatly  exceed  in  area  the  amount  that  the  river  is 
capable  of  supplying,  and  that  the  company,  with  the  water  rights  established, 
would  own  the  water,  with  a  demand  far  exceeding  the  supply,  and  the  Govern- 
ment would  have  to  approach  them  as  a  competitor  in  the  market  to  obtain  a  sup- 
ply for  the  Indians  of  the  reservation. 

(4)  That  if  the  water  supply  from  the  river  be  shut  off,  the  Indian  reservation 
would  become  uninhabitable. 

(5)  If  the  dam  and  canal  should  be  constructed,  the  present  and  immediate 
prospective  needs  of  the  reservation  might  be  supplied  therefrom,  and  there  would 
be  some  surplus  water  to  be  used  for  irrigating  lands  outside  the  reservation. 

(6)  That  if  the  agriculture  of  the  Indians  residing  on  the  reservation  is  to  have 
normal  growth,  and  it  be  the  intention  to  settle  other  Indians  of  the  neighborhood 
who  are  not  supplied  with  agricultural  lands  on  the  reservation,  the  greater  part, 
and  perhaps  the  whole,  of  the  waters  of  the  Gila  will  be  necessary  therefor. 

As  a  result  of  this  report  the  Department  of  Justice  was  again 
requested  to  take  such  steps  as  would  be  necessary  to  prevent  the 
diversion  of  waters  of  Gila  River  to  the  injury  of  the  Indians  of 
the  Pima  and  Maricopa  reservations.  Some  offers  of  compromise 
were  made  by  the  canal  company,  and  legal  steps  were  held  in 
abeyance  until  the  canal  was  constructed,  and  no  successful  attempt 
was  ever  made  to  prevent  the  diversion  of  the  river  by  the  Florence 
canal  or  to  compel  such  diverters  to  supply  the  Indians  with  water 
for  irrigation,  and  the  matter  was  finally  allowed  to  drop  by  the 
Department  of  Justice.  The  result  of  the  diversion  was  to  deprive 
the  Indians  of  the  greater  portion  of  their  water  supply  during  the 
period  when  the  water  was  most  needed  to  mature  their  crops.  The 
shortage  has  been  greater  some  years  than  others,  depending  to  a  cer- 
tain extent  upon  the  season,  whether  abnormally  dry  or  otherwise, 
but  in  general  there  has  been  a  progressive  decrease  of  the  water  sup- 
ply for  the  reservation,  due  originally,  in  great  measure,  to  the 
diversion  by  the  Florence  canal. 

Recent  events  have,  however,  altered  the  aspect  of  the  question, 
from  the  fact  that  the  supply  for  the  Florence  canal  itself  is  now  short', 
owing  to  the  diversion  for  irrigation  far  above  that  point,  chiefly  in 
Graham  and  CJochise  counties,  Arizona.  The  solution  of  the  problem 
has  become  more  difficult  by  reason  of  its  postponement  and  the  con- 
dition of  the  Indians  more  deplorable.  Year  after  year  they  plowed 
and  sowed  and  irrigated  their  croi)s,  only  to  have  them  destroyed  by 
drought  before  maturity  by  lack  of  sufficient  irrigation  water  in  the 
drier  months.  Naturally  they  have  become  discouraged  by  these 
fruitless  efforts,  and  great  demoralization  has  resulted.  A  few  who 
are  favorably  located  at  points  where  water  appears  in  the  dry  bed  of 
the  Gila  can  still  mature  their  crops;  a  few  others  are  able  to  eke  out 
an  existence  by  hauling  wood  or  other  precarious  employments,  while 
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the  larger  number  have  become  more  or  less  dependent  upon  charity 
or  have  degenerated  into  thieves  and  vagabonds. 

NECESSITY  FOR  RELIEF. 

On  March  27,  1895,  Mr.  J.  Boe  Tonng,  United  States  Indian  agent 
at  Sacaton,  made  a  terse  statement  of  the  case  to  the  Indian  Bureau, 
closing  his  letter  with  the  following  recommendation : 

What  is  best  to  be  done  I  do  not  know.  I  recommend,  however,  that  a  com- 
petent, thoroagh,  and  skillful  engineer,  well  acquainted  with  irrigation  ques- 
tions, be  employed  to  ascertain  and  report,  first,  whether  or  not  under  existing 
conditions  a  supply  of  water  adequate  to  the  needs  of  these  Indians  can  be 
obtained  and  retained  x)ermanently,  and  then,  if  such  a  supply  can  be  obtained, 
what  is  the  best,  most  feasible,  practicable,  and  economical  method  of  doing  so. 
To  properly  do  this  the  eng^eer  should  examine  carefully  the  past  and  present 
condition  and  flow  of  the  Gila  River,  the  amount  of  water  which  formerly  passed 
through  this  reservation,  and  the  amount  we  are  now  receiving;  the  number  and 
amount  of  inches  of  water  for  which  charters  for  ditches  have  been  granted  in  the 
different  counties  through  which  the  Gila  flows,  and  the  amount  of  water  taken 
out  under  these  charters,  together  with  the  number  of  such  charters  now  legally 
in  force;  the  undergrocmd  currents  and  rock  strata  along  the  river,  and  all  mat- 
ters which,  taken  together,  may  lead  to  some  solution  of  this  question.  I  have  been 
unable  to  get  an  estimate  of  what  amount  such  an  investigation  and  rex)ort  will 
cost,  but  I  would  suggest  that  the  sum  of  $5,000  be  set  apart  from  any  appropria- 
tion available  for  this  purpose.  Competent  and  first-class  engineers,  with  ability 
to  make  such  a  report  as  this  case  requires,  are  scarce  and  high-priced,  and  they 
have  to  be  well  paid.  It  would  be  money  thrown  away  to  employ  a  man  not 
thoroughly  posted. 

This  matter  should  be  taken  up  soon,  in  order  that  we  may  know  what  to  expect 
for  next  year. 

Mr.  Elwood  Hadley,  who  is  now  (1899)  the  Indian  agent  at  Sacaton, 
in  describing  the  present  condition  of  the  Indians  of  the  Gila  River 
Reservation,  writes  as  follows,  under  date  of  September  25,  1899: 

Approximately  6,000  Indians— Pimas,  Papagos,  and  Maricopas— are  dependent 
for  their  subsistence  upon  the  lands  of  the  Gila  River  Reservation,  which  reserva- 
tion contains  357,120  acres.  It  id  estimated  that  half  of  the  land  could  be  made 
productive  with  water  to  irrigate  it.  The  water  supply  in  the  Gila  River  the 
present  season,  owing  to  its  use  for  lands  above  us,  has  not  been  sufficient  to  irri- 
gate 1,000  acres.  Fully  half  the  crops  planted  have  not  produced  enough  for 
seed.  This  land  is  very  fertile.  The  condition  of  affairs  here  shows  that  in  the 
past  three  years  there  has  been  a  large  falling  off  in  the  water  supply  for  irriga- 
tion. The  reason  is  apparent  in  the  absorption  of  the  water  by  additional  cultivated 
lands  above. 

I  notice  in  the  Indians  a  restlessness  as  they  realize  their  helpless  condition,  and 
and  am  often  confronted  with  the  solicitous  queries,  What  are  we  to  do?  If  we 
plant  what  we  have,  what  assurance  have  we  of  getting  it  back?  Under  favorable 
conditions  these  Indians,  being  agricultural  and  pastoral,  would  soon  become  inde- 
pendent, prosperous,  civilized  citizens.  Otherwise,  discouragement,  hunger,  and 
destitution  are  their  lot.  A  nomadic  life  being  taken  on,  their  old  tribal  nature 
asserts  itself,  and  the  expenditures  hitherto  made  and  being  made  by  the  GK>vem- 
ment  for  their  education  and  improvement  prove  a  curse  to  them  rather  than  a 
blessing. 

It  is  now  necessary  to  issue  considerable  subsistence  to  the  Indians  whose  crops 
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have  been  a  failure,  and  this  aid  will  have  to  be  largely  increased  under  the  exist- 
ing limited  water  supply.  A  supply  of  water  would  permit  of  the  Pima  boarding 
school  establishing  a  model  farm,  greatly  reducing  the  cost  of  maintaining  the 
school  of  200  pupils,  and  be  a  most  valuable  educational  factor  in  the  school  life  of 
the  pupils.  The  available  Indian  labor  in  the  construction  of  the  reservoir  is  an 
important  factor,  as  it  is  much  better  to  provide  them  labor  with  i>ay  than  keep 
them  as  paupers.  These  Indians  are  willing  to  work,  and  their  moral  status  is 
good.  Their  attitude  toward  the  United  States  has  always  been  friendly.  They 
have  saved  the  Government  in  protecting  the  early  settlers  from  the  ravages  of  the 
Apaches.  They  have  kept  themselves  within  the  bounds  of  law  and  order,  and 
they  are  now  left  ux)on  the  desert  without  water.  Humanity  sx>eaks,  economical 
administration  for  the  sustenance  of  the  Indians  speaks,  and  Nature,  in  her  wise  pro- 
visions, says,  "  Liet  man*s  means  and  intelligence  be  made  operative,  that  these 
Indians,  whose  claims  are  meritorious,  be  reinstated  in  self-sustenance  and  lifted 
to  the  plane  of  prosperous  American  citizens.'' 

INVESTIGATION  IN  1896. 

In  November,  1895,  the  Secretary  of  the  Interior  instructed  the 
Director  of  the  Geological  Survey  to  detail  a  civil  engineer  to  make 
the  examination  recommended,  and  Mr.  Arthur  P.  Davis,  hydrog- 
rapher,  was  accordingly  assigned  to  this  task,  in  which  he  was  assisted 
by  Mr.  Cyrus  C.  Babb,  assistant  hydrographer,  and  Mr.  J.  B.  Lippin- 
cott,  resident  hydrographer  for  California.  Six  months  of  time  and 
$3,500  were  expended  in  the  field  on  the  preliminary  investigation, 
and  a  report  was  submitted  in  1896,^  entitled  The  Report  on  Irriga- 
tion Investigation  for  the  Benefit  of  the  Pima  and  Other  Indians  on 
the  Gila  River  Indian  Reservation,  Arizona. 

It  was  proposed  to  construct  a  dam  of  masonry  to  the  height  of  170 
feet  above  the  bed  of  the  river,  at  which  height  natural  facilities 
occur  for  the  discharge  of  surplus  waters  through  adequate  spill- 
ways. This  would  afford  a  storage  of  about  200,000  acre-feet  of 
water  below  the  flow  line  of  160  feet  above  the  bed  of  the  river.  The 
provisional  estimate  of  the  cost  of  this  project  aggregated  $2,244,000. 
The  great  uncertainty  attaching  to  this  project  was  the  location  of 
bed  rock  at  a  great  but  unknown  depth.  Numerous  reports  were 
obtained  of  soundings  varying  from  40  to  50  feet  in  depth  yrithout 
striking  bed  rock. 

Inquiry  showed  that  it  would  be  impossible  to  obtain  suitable  drill- 
ing machinery  for  a  thorough  exploration  of  the  foundation,  and  as  a 
preliminary  makeshift  the  method  of  sounding  by  driving  rods  was 
resorted  to.  Rods  were  driven  in  eleven  places,  at  intervals  of  40 
feet,  in  the  nroposed  dam  site,  eight  of  the  -soundings  being  50  feet  or 
more  and  one  reaching  the  depth  of  65  feet.  It  was  impossible  with 
the  means  at  hand  to  determine  whether  or  not  the  rods  had  reached 
bed  rock,  but  the  preliminary  estimates  were  made  on  the  hypothesis 
that  the  depth  of  rock  was  65  feet,  and  in  the  report  of  the  work  it 
was  recommended  that  "thorough  exploration  should  be  made  with 
a  core  drill  before  beginning  of  construction  of  the  dam." 

>  Senate  Do&  No.  27,  Fifty-fourth  Oongrees,  second  eeflsion. 
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INVESTIGATION   IN   1899. 

For  the  purpose  of  continuing  the  investigation  along  the  lines  rec- 
ommended by  Mr.  Davis  a  paragraph  was  inserted  in  the  act  making 
appropriation  for  current  and  contingent  expenses  in  the  Indian 
Department,  approved  July  1,  1898,  as  follows: 

For  ascertaining  the  depth  of  the  hed  rock  at  a  place  on  Gila  River,  in  Qila 
County,  Arizona,  known  as  the  Battee,  and  particnlarly  described  in  the  Senate  Doc- 
ument Number  Twenl.y-seven,  Fifty-fourth  Congress,  second  session,  and  for  ascer- 
taining the  feasibility  and  estimating  in  detail  the  cost  of  the  construction  of  a 
dam  across  the  river  at  that  i>oint  for  the  purpose  of  irrigating  the  Sacaton  Reseiv 
vation,  and  for  ascertaining  the  average  daUy  flow  of  water  in  the  river  at  that 
point,  twenty  thousand  dollars,  or  so  much  thereof  as  may  be  necessary,  the  same 
to  be  expended  by  the  Director  of  the  United  States  G^logical  Survey,  under  the 
direction  of  the  Secretary  of  the  Interior:  Provided,  That  nothing  herein  shall  be 
construed  as  in  any  way  committing  the  United  States  to  the  construction  of  said 
dam;  and  said  Director  shall  also  ascertain  and  report  the  feasibility  and  cost  of 
the  Queen  Creek  project  mentioned  in  said  Senate  document 

In  order  to  carry  out  the  provisions  of  this  act  stream  measure- 
ments were  begun  on  Gila  River  at  the  Buttes  and  on  Queen  Creek 
at  the  site  of  the  proposed  dam,  in  November,  1898,  and  have  been 
maintained  to  date  (October,  1899).  As  the  site  at  the  Buttes  was 
inaccessible  by  heavy  wagons,  a  road  was  built  to  facilitate  the  trans- 
portation of  machinery  to  the  site  for  drilling.  Bids  were  invited  by 
advertisement  for  the  eicploration  of  bed  rock,  but  were  rejected,  as 
it  was  found  that  the  amount  of  drilling  desirable  would,  under  the 
most  favorable  proposal,  cost  more  than  the  available  funds.  Two 
diamond  drills,  a  few  diamonds,  and  two  pipe-driving  machines  were 
loaned  to  the  Survey  for  this  work  by  the  Nicaragua  Canal  Commis- 
sion, and  borings  were  begun  at  the  Buttes  in  January,  1899. 

Twenty-five  holes  were  put  down  to  bed  rock  at  the  Buttes  with  a 
diamond  core  drilling  apparatus.  These  holes  were  distributed  up 
and  down  the  narrow  portions  of  the  canyon  in  oi*der  to  determine 
the  most  acceptable  point  for  the  location  of  the  dam.  The  depths 
reached  were  unexpectedly  great.  This  work  is  described  in  detail 
under  the  account  of  the  diamond  core  drill  borings  on  page  48. 
The  maximum  depth  reached  by  any  of  the  holes  was  122.6  feet 
to  bed  rock.  Because  of  this  great  depth  an  effort  was  made  to  find 
another  location  for  a  dam  that  could  utilize  the  Buttes  reservoir 
site  as  filed  upon  under  the  United  States  laws.  The  appearances 
were  favorable  for  the  proximity  of  bed  rock  to  the  surface  near 
the  head  of  the  Florence  canal,  3^  miles  below  the  Buttes,  where 
the  canyon  is  quite  wide,  but  where  outcroppings  of  rock  in  places 
occur.  The  depth  to  bed  rock  at  this  site — 82  feet  2  inches — as 
determined  by  borings  shown  on  the  map,  PI.  VIII,  5,  was  too  great 
to  justify  the  location  of  the  dam  at  this  place.  The  portion  of  the 
canyon  was  contoured  between  the  old  reservoir  survey,  which  began 
at  the  Buttes  dam  site  proper  and  the  head  of  the  Florence  canal,  so 
that  a  revised  capacity  of  the  reservoir  could  be  computed  if  the  dam 
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shoold  be  built  at  the  head  of  the  Florence  canal.  At  a  point  4  miles 
above  the  Buttes,  where  a  dike  of  volcanic  rock  apparently  of  more 
recent  geological  formation  than  the  surrounding  country  crossed  the 
canyon,  another  exploration  for  bed  rock  was  made.  The  canyon  at 
this  point  at  the  base  of  the  cliffs  is  459  feet  in  width.  As  a  hole  was 
put  down  to  a  depth  of  96.3  feet  without  finding  bed  rock  at  this  point,, 
this  location  was  condemned  as  a  dam  site  without  further  explora- 
tion, particularly  in  view  of  the  excessive  length  of  dam  required. 

In  order  to  determine  the  feasibility  of  constructing  a  dam  at  the 
Buttes,  as  compared  with  other  possible  locJitions,  the  Gila  River  above 
this  location  was  explored  for  reservoir  sites,  and  three  were  found 
of  ample  storage  capacity.  At  Riverside,  12  miles  above  the  Buttes, 
by  the  course  of  the  river,  an  available  locality  was  selected  and  four- 
teen holes  were  sunk,  which  determined  a  granite  bed  rock  of  good 
quality  to  exist  at  a  maximum  depth  of  75.5  feet.  At  the  San  Carlos 
dam  site,  the  next  location  above,  three  holes  were  put  down  to  deter- 
mine the  depth  of  bed  rock.  This  was  the  last  dam  and  reservoir  site 
discovered.  The  high  water  then  interferred  with  the  work  to  such 
an  extent  that  it  had  to  be  abandoned  iu  August.  The  data  obtained 
from  these  three  holes  are  very  meager  and  should  be  extended,  but 
they  had  to  be  accepted  in  this  estimate  as  determining  bed  rock  at 
that  point.  At  the  Guthrie  reservoir  site,  which  is  above  Solomon- 
ville  and  uppermost  of  three  available  locations  examined,  a  detailed 
survey  was  also  made.  The  rock  at  this  dam  site  consists  of  a  mixed 
volcanic  product,  there  being  strata  of  gravel  deposited  between  vari- 
ous lava  flows.  This  was  considered  sufficient  in  itself  to  condemn 
this  site  for  construction  purposes.  A  railroad  passes  through  the 
length  of  the  reservoir  and  through  the  dam  site,  and  a  change  in  its 
location  would  be  a  matter  of  difficulty  and  large  expense. 

The  upper  portion  of  Gila  River  and  its  principal  tributaries  were 
explored  by  Mr.  Cyrus  C.  Babb,  hydrographer,  as  well  as  the  basin  of 
San  Pedro  River.  In  both  the  Gila  and  San  Pedro  basins  measure- 
ments Of  all  canals  were  made  in  order  to  determine  the  amount  of 
water  returning  to  the  river  from  irrigation  and  for  purposes  of  general 
information.  This  return  water  has  a  particular  bearing  upon  our 
project  as  contemplated  in  that  the  irrigation  of  120,000  acres  of  land 
in  the  neighborhood  of  Florence  and  Sacatou  may  be  expected  to 
increase  the  flow  of  the  lower  portion  of  Gila  River  in  a  way  similar 
to  that  of  the  cases  investigated  where  irrigation  has  been  practiced 
for  a  term  of  years.  In  other  words,  if  50  per  cent  of  the  water  used 
for  irrigation  around  Solomonville,  on  the  upper  portion  of  the  river, 
returns  to  the  river  below  the  places  where  it  is  used  for  irrigation,  and 
it  may  again  be  used  for  like  purpose  below,  a  similar  action  may  be 
expected  below  the  irrigated  lands  which  are  supplied  from  this  pro- 
posed reservoir  system.  Measurements  of  return  water,  or  ^'seepage 
measurements,"  were  also  made  in  the  vicinity  of  Phenix,  which  show 
similar  conditions. 
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The  canyon  of  the  Gila,  between  the  mouth  of  the  San  Pedro  and 
the  San  Carlos  dam  site,  was  explored  and  found  to  be  31  miles  in 
length.  It  is  a  narrow  gorge,  as  shown  on  PI.  II,  being  thus  an  excel- 
lent conduit  for  the  passing  of  the  liberated  water  from  the  San  Carlos 
dam  site  to  the  irrigable  lands  below.  A  traverse  survey  was  made 
throughout  its  length.  Observations  for  determining  the  average 
evaporation,  the  range  of  temperature,  and  the  volumes  of  suspended 
silt  in  the  river  have  been  maintained  at  the  Buttes  during  the  period 
of  the  survey.  A  canal  line  has  been  surveyed  from  the  Buttes  dam 
si  to  past  the  head  of  the  Florence  canal,  a  distance  of  4  miles.  This 
canal  would  be  used  in  connection  with  the  Buttes  reservoir  site  for 
the  purpose  of  delivering  its  water  to  the  irrigable  lands,  and  largely 
for  the  development  of  power,  which  could  be  used,  if  desired,  in  the 
settlements  that  would  spring  up  under  this  system. 

Owing  to  the  questionable  character  of  the  rock  for  building  at  the 
Buttes  dam  site,  quarry  tests  were  made,  as  described  fully  under  the 
description  of  the  Buttes  dam.  Mr.  E.  Duryee,  chemist  and  cement 
expert,  of  Colton,  California,  investigated  thoroughly  the  rocks. of  all 
the  localities  in  question,  in  order  to  determine  the  feasibility  of  the 
manufacture  of  a  natural  hydraulic  or  a  Portland  cement.  His  inves- 
tigation, as  shown  in  detail  on  later  pages,  also  determined  the  possi- 
bility of  using  the  siliceous  rocks  of  the  respective  localities  for  blend- 
ing with  Portland  cement  in  the  manufacture  of  what  is  known  as 
**sand  cement."  The  extent  of  i)ublic  domain  in  the  irrigable  districts 
was  determined  from  the  land-office  records  at  Tucson,  Arizona. 

Mr.  J.  H.  Quinton  was  engaged  to  assist  in  the  designing  of  the  dams 
and  other  engineering  works.  lie  visited  all  the  localities  in  question 
and  made  a  careful  field  examination.  Mr.  James  D.  Schuyler  was  em- 
ployed for  purposes  of  consultation  in  the  planning  of  the  work,  in  an 
advisory  capacity,  and  for  this  purpose  made  detailed  examinations 
of  the  various  dam  sites  on  two  occasions  during  the  progress  of  the 
field  investigation.  The  service  which  Mr.  Schuyler  has  rendered  in 
this  capacit}'^  has  been  of  prime  iraporta-nce  to  the  work,  owing  to  his 
very  extended  experience  in  the  construction  of  dams  for  irrigation 
purposes. 

The  general  plans  for  dams  at  all  points  have  been  matters  of  dis- 
cussion during  a  period  of  months  by  all  the  engineers  connected  with 
this  investigation.  Each  lias  contributed  his  share  toward  the  forma- 
tion of  the  final  plans  which  Mr.  Quinton  has  prepared.  The  office 
work  for  the  report  has  been  done  in  Los  Angeles,  where  the  plans 
and  estimates  have  been  prepared.  Numerous  laboratory  tests  of 
material  from  the  dams  and  of  the  sand  cements  have  been  made. 
Mr.  Arthur  P.  Davis,  liydrographer,  was  in  charge  of  the  organization 
of  the  field  work  and  of  its  execution  until  May  1,  1899,  when  he  was 
detailed  to  avssist  the  Nicaragua  Canal  Commission  in  its  work  on  the 
Isthmus.  Mr.  Davis  practically  outlined  the  field  work.  His  ideas 
with  reference  to  plans  of  construction  have  been  given  most  careful 
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consideration  in  reaching  final  conclusions,  and  to  hira  is  due  the 
credit,  in  large  part,  for  the  successful  carrying  out  of  the  work  and  ' 
for  its  breadth  and  scope. 

AMOUNT  OF  WATER  REQUIRED. 

In  order  to  determine  the  amount  of  water  that  will  be  required  for 
the  Indians  on  the  Gila  River  Indian  Reservation,  Mr.  Elwood  Hatl- 
ley,  United  States  Indian  agent  at  Sacaton,  was  requested  to  make  a 
statement  on  the  subject.  In  his  reply,  dated  October  12,  1899,  he 
writes: 

It  is  estimated  that  there  are  nearly  4,500  Pima  and  Maricopa  Indians  on  the 
reservation  dependent  for  their  subsistence  upon  its  landn.  South  of  this  reserva- 
tion, in  the  country  lying  between  the  Southern  Pacific  Railroad  and  the  border 
line  of  Mezioo,  it  is  estimated  that  there  are  nearly  2.000  nomadic  Papagos,  who 
derive  much  of  their  subsistence  from  the  Pimas  of  this  reservation  (Qila  River) 
in  exchange  for  their  labor.  The  Pimas  are  liberal  and  kind  to  their  more  unfor- 
tunate brothers,  and  give  them  a  share  of  their  products  in  return  for  their  labor 
in  harvesting  the  crops. 

The  estimated  number  of  Indians  under  my  care  is  as  follows:  Pimas,  4,200; 
Maricopas,  350;  Papagos,  3,700;  total,  7,250. 

The  number  named  above  who  live  on  reservations  away  from  here  would 
gladly  come  here  if  they  could  be  furnished  with  water.  It  is  estimated  that  2 
acres  of  land  will  sustain  an  Indian. 

The  report  of  the  Commissioner  of  Indian  Affairs  for  1896  gives  for 
the  Pima  Agency  the  following  population:  Pimas,  4,260;  Maricopas, 
340;  Papagos,  1,224;  Papagos,  nomadic,  2,046— total,  7,870.  This  does 
not  state,  however,  whether  these  are  actually  on  this  particular  res- 
ervation or  on  others. 

In  the  report  of  Mr.  Arthur  P.  Davis,  of  181)6,  it  is  estimated  that 
1.5  acres  of  ground  is  necessary  for  the  support  of  each  Indian.  This 
estimate  is  thought  to  be  liberal.  In  the  irrigated  districts  of  south- 
em  California  an  inhabitant  to  each  acre  is  sustained.  For  the  irri- 
gation of  grain  probably  1.5  acre-feet  of  water  is  sufficient  for  the  com- 
plete development  of  the  crop  for  each  season;  but  for  the  growth  of 
alfalfa  or  orchards  a  lower  duty  of  water  will  l>e  required,  and  2  acre- 
feet  per  acre  is  assumed  in  this  report  to  be  a  satisfactory  supply.  If 
there  are  7,250  Indians  now  located  upon  this  reservation  or  deriving 
their  subsistence  from  it,  each  requiring  1.5  acres  of  irrigated  land,  it 
would  be  necessary  to  supply  10,875  acres  with  water  to  meet  present 
demands.  At  the  rate  of  2  acre-feet  of  water  for  each  acre  irrigated, 
it  will  be  necessary  to  furnish  21,750  acre-feet  to  the  reservation  to 
meet  this  requirement.  There  will  doubtless  be  other  Indians  on 
neighboring  reservations  on  the  lower  portion  of  Gila  River,  whom 
the  Department  would  desire  to  move  onto  the  Gila  Reservation  in 
ease  an  abundant  supply  of  water  could  be  furnished  to  them.  In 
view  of  these  possible  transfers,  and  of  the  natural  increase  in  numbers 
of  the  tribes  now  dependent  upon  the  reservation,  a  prospective  demand 
on  the  reservoir  system  of  40,000  acre-feet  is  considered  necessary. 
IBB  33 ^2 
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WATEU  SUPPIiY. 

PRECIPITATION. 

Rainfall  observations  have  been  taken  at  thirty-one  different  points 
in  the  basin  of  Gila  River  above  the  Buttes,  as  shown  on  PL  III,  A^  the 
earliest  record  beginning  at  Fort  Bayard,  New  Mexico,  in  1867.  Un- 
doubtedly the  greatest  precipitation  of  the  basin  occurs  in  the 
higher  mountains,  in  its  northeastern  portion.  The  records  for  these 
mountain  districts  are  rare,  most  of  them  being  taken  in  the  valleys 
where  settlements  and  agriculture  occur.  It  is  probable,  therefore, 
that  the  actual  rainfall  for  the  basin  is  greater  than  that  indicated  by 
the  tables  and  diagrams.  For  the  purpose  of  this  report  the  rainfall 
observations  in  the  basin  of  Gila  River  above  the  Buttes  have  been 
grouped  in  three  classes  in  the  following  table — first,  the  Gila  Basin 
proper,  exclusive  of  the  basin  of  the  San  Pedro;  second,  the  basin 
of  the  San  Pedro;  and  third,  a  series  of  observations  at  three  stations 
in  the  vicinity  of  Florence,  five  stations  in  the  basin  of  Santa  Cruz 
River,  which  stream  enters  the  Gila  below  the  mouth  of  the  Salt,  and 
three  sets  of  observations  in  the  vicinity  of  Phenix.  The  segregation 
of  the  records  into  the  groups  named  is  for  the  purpose  of  comparing 
the  relative  amount  of  water  available  for  storage  purposes  at  the 
reservoir  site  at  San  Carlos  and  at  the  Buttes. 

Annttal  ratn/aU,  in  inches,  in  basin  of  Gila  Biver  above  San  Carlos,  Arizona. 
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4.860 
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2.700 
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18.87 
15.23 
12.84 
10.07 
6.79 
18.61 
22.18 
20.38 
19.66 
18.94 
13.12 
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17.81 
20.91 

19.74 
12.50 
28.61 
18.58 
14.77 
31.12 
27.62 
21.66 
29.47 
16.58 
21.06 
17.84 
18.89 
17.10 
28.72 
13.86 
12.70 
16.08 
17.42 
18.03 
16.09 
14.93 
20.55 

18.40 
18.69 
12.68 
19.74 

8.76 
10.75 
14.04 
12.77 
12.60 
16.46 

9.86 

8.67 
10.21 

9.81 
12  48 
13.84 
12.62 
14.46 

10.13 
16.46 
12.82 
15.74 
18.96 
15.42 
15.48 
25.67 
9.21 

1879... 

1880. 

1881... 

12.11 
8.58 
8.73 
14.38 
8.51 
9.37 
16.49 
11.93 
13.68 

■7.36 
8.01 
8.95 
5.88 
8.04 
9.22 
5.66 
8.16 

11.41 
8.66 
10.85 
18.16 
8.70 
10.86 
16.36 
13.84 
10.89 
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i6.*27' 
12.21 
20.41 

8.19 
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8.68 
13.04 
13.40 
17.86 
Jl.OO 
12.06 
12.53 
10.16 
14.41 
13.88 
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1882 

6.50 
7.15 
10.37 
2.39 
2.03 
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1888... 
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1889... 
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13.59 

13.42 

7.21 

24.32 
14.20 
13.82 
15.88 
12.21 
7.90 
13.85 
13.68 
18.23 
15.99 
13.87 
14.26 
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15.94 
10.90 

8.43 
4.04 
2.57 
5.65 
3.24 
2.78 
4.86 

18»1... 
1892... 
1898 

10.30 
8.80 

1894... 
1896... 
1896... 
1897... 

118::: 

8.67 
14.46 
19.96 
17.00 
16.21 

■i2.'4i' 

17.87 
14.44 
16.22 

■i6.'6i 

15.09 
15.68 
17.26 

*i2.99' 
10.69 
16.14 

Mean. 



14.08 

14.98 

16.13 

13.88 

4.65 

9.42 

16.34 
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19.54 

12.87 
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A.  LOCATION  OF  RAINFALL  STATIONS  IN   BASIN  OF  GILA  RIVER. 


Rainfall  stations: 

1.  Fort  Bayard. 

2.  Gila. 

3.  Alma. 

4.  Oro  (Clifton). 

5.  San  Sinion. 

6.  Willcox. 

7.  Fort  Gnnt. 

8.  C«dar  Springs. 


9.  Fort  Thomas.  1 7.  Fort  Huachuca.  25.  St.  Helena  Ranch. 

10.  San  Carlos.  18.  Huachuca  Mountains.  26.  Calabasas. 

11.  Fort  Apache.  19.  Bisbee.  27.  Lochiel. 

12.  Dudleyville.  20.  Buttes.  28.  Phenix. 

13.  Oracle.  21.  Florence.  29.  Fort  McDowell. 

14.  Benson.  22.  Casa  Grande.  30.  Pinal  Ranch. 

15.  Dragoon.  23.  Tucson.  31.  Silver  King. 

16.  Tombstone.  24.  Pantano. 
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AnnucU  rainfall,  in  indies,  at  stations 

in  basin  of  San  Pedro  River,  Arizona, 
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1881 



8.00 
9.64 

10.67 
8.60 
4.24 
6.27 
8.19 
7.84 
7.78 

13.83 
5.81 

16.44 
13.11 
12.38 
18.16 

8.11 
10.21 
13.58 
13.02 
12.72 
16.96 
10.68 

0.90 
11.87 
11.58 
18.26 
15.98 
13.88 
16.60 

1882 

1883 1 

1884 

1885. 

1886 1  

11.47 
16.28 
19.95 
15.30 
19.60 
10.84 
11.60 
20.16 
13.96 
14.15 
21.27 
16.68 
21.82 

8.87 
11.73 
13.80 
13.01 
17.88 
11.60 
11.74 
18.52 
13.60 
14.82 
18.62 
16.15 
19.26 

1887 1 

1888 I  --- 

1889   

1 

15.87 

"12.04' 
12.24 
16.58 
16.48 

'a.'ao" 

22.01 
26.38 

"26.'22' 
14.34 
12.92 
14.79 

'u'so' 

20.86 
17.80 

26.87 

1800 

1801 

1802 

8.60 
10.20 

8.37 
15.12 
15.92 
15.45 
10.03 
14.96 

17.38 

1893 

18.36 
14.44 
10.62 
14.43 
20.89 

7.71 
4.57 

1804 

1805 

1806 

1807 

1808 

1800 

16.78 
18.60 

16.03 
8.41 
11.44 

"is  44' 
18.50 

"lasT 

Mean.  . 

12.34 

17.55 

9.21 

13.47 

16.31 

17.76 

17.67 

14.18 

13.24 

nnttal  rainfall  at  stations  in  basin  of  GHla  River,  in  the  vicinity  of  Florence, 
Tucson,  and  Phenix,  Arizona. 


Florence  vicinity. 

Santa  Cruz  Basin. 

Phenix  vicinity. 
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16.08 

6.26 

8.50 
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6.40 
6.82 
8.01 
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The  records  in  the  vicinity  of  Florence  and  Phenix  apply  to  the 
districts  where  the  water  stored  will  probably  be  applied  for  irrigation, 
and  indicate  the  need  of  an  artificial  supply.  In  the  case  of  the  San 
Pedro  Basin,  the  greater  portion  of  its  water  supply  is  furnished  near 
the  headwaters  of  that  stream.  The  lower  portion  of  the  river, 
which  constitutes  the  greater  part  of  its  area,  being  low  in  elevation, 
has  a  relatively  lighter  rainfall,  and,  owing  to  the  flat  nature  of  the 
valleys,  a  low  per  cent  of  run-off.  The  observations  of  precipitation 
in  the  San  Pedro  Basin  have,  with  one  exception — those  of  Dudley- 
ville — been  made  in  this  upper  portion  of  the  basin  and  at  polnt«  of 
high  elevation.  They  indicate,  therefore,  a  water  supply  in  excess  of 
conditions  as  they  really  exist. 

In  connection  with  the  study  of  the  increase  of  rainfall  with  an 
increase  in  elevation,  the  following  table  is  of  interest: 

Increase  of  rainfall  with  each  100  feet  of  rise  in  elevation^  with  Fort  McDowell  as 

a  base. 


Stotion. 

Length  of 
rooord. 

Eleya* 
tion. 

Eleyatkm 

above 
McDowell. 

MeM- 
nred 
rain. 

Ckmstaat 

increase 

per  100 

feetxiae. 

McDowell... 

Lowell 

Tr.    mo. 

28       10 

10        5 

6      10 

17  2 
3      11 

18  10 
22 

23      11 

Feet. 

1,250 

2,400 

8,800 

4.860 

5,880 

5.050 

3,160 

5,390 

Feet. 

Inehe*. 
10.88 
12.87 
17.08 
16.85 
21.58 
21.04 
18.18 
17.06 

Base. 

0.17 

.26 

.18 
.27 
.28 
.15 
.16 

1,150 
2,560 
8,610 
4,080 
8,800 
1,910 
4,140 

Breckenridge   

Fort  Qrant 

Fort  Buchanan                 

Fort  Apache. .-     ..  

Verde 

Prescott 

Mean 

1.47 

.21 

1 

Comparing  the  stations  given  in  this  table  with  the  record  at  Fort 
McDowell,  which  is  a  very  old  one,  extending  from  1867  to  1888,  it  is 
found  that  in  eastern  Arizona  the  rate  of  increase  for  each  100  feet 
of  rise  in  elevation  is  0.21  of  an  inch  of  rain.  It  is  probable  that,  not- 
withstanding the  fact  that  the  mean  rainfall  as  measured  above  San 
Carlos  for  all  stations  is  12.87  inches,  and  that  the  mean  for  the  San 
Pedro  Basin  is  given  as  14.13,  the  average  rainfall  of  the  basin  of  the 
Gila  above  San  Carlos  is  greater  than  the  average  for  the  entire  San 
Pedro  Basin,  and  consequently  the  run-off  per  square  mile  of  the  San 
Pedro  Basin,  owing  particularly  to  the  flat  valley  lands  through  which 
the  river  flows  in  the  greater  portion  of  its  course,  is*  less  than  the 
run-off  per  square  mile  of  the  Gila  above  San  Carlos.  This  is  sus- 
tained by  observations  of  flow  of  both  streams  during  a  period  of  five 
months. 

A  diagram  is  given  (PL  IV)  showing  the  precipitation,  in  inches  per 
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annum,  daring  the  years  when  observations  of  the  rainfall  were  made 
at  various  t3rpieal  stations.  For  1899  the  figures  are  estimated  after 
September  1.  Data  were  had  from  the  records  of  the  Signal  Service 
and  of  the  Weather  Bureau  showing  the  amount  of  precipitation 
each  month  at  each  of  the  eighteen  stations  named  in  the  table,  but 
they  are  considered  too  voluminous  for  publication.  The  table  of 
annual  rainfall  in  the  basin  of  the  Gila  is  compiled  from  this  mass  of 
detail.  After  careful  consideration  it  was  deemed  impossible  to  give 
an  average  rainfall  for  the  basin  based  on  probable  rainfall  at  various 
elevations.  The  means  given  in  the  table  and  diagrams  are  the  direct 
means  of  the  stations  at  which  observations  were  made,  each  being 
given  equal  weight  in  the  years  when  its  record  occurs.  In  the  case 
of  the  upper  portion  of  the  Gila  the  mean  has  not  been  extended  back 
of  1881,  as  sufficient  data  do  not  exist  upon  which  to  base  an  accurate 
deduction.  The  few  points  at  which  observations  were  taken  prior 
to  1881  would  probably  indicate  a  greater  rainfall  for  the  basin  than 
existed,  owing  to  their  relatively  great  elevation.  In  like  manner, 
the  record  of  the  San  Pedro  is  not  extended  back  of  1886. 
SUBDIVISIONS   OF  THE   DRAINAGE   BASIN. 

The  outlines  of  the  Gila  River  Basin  have  been  marked  on  the  Land 
Office  maps  of  Arizona  and  New  Mexico  and  the  areas  measured  by 
planimeter.  The  basin  of  the  southern  tributary,  the  San  Pedro, 
extends  into  the  Republic  of  Mexico.  From  the  best  obtainable  data 
the  area  in  Mexico  has  been  determined  to  be  120  square  miles.  The 
following  table  classifies  the  drainage  basin  of  the  Gila  above  the 
Buttes  into  three  parts:  First,  the  area  above  the  San  Carlos  dam 
site,  which  would  be  tributary  to  a  reservoir  if  located  at  that  i>oint; 
second,  the  area  of  the  basin  of  San  Pedro  River;  third,  small  inter- 
mediate basins  below  San  Carlos.  The  San  Pedro  Basin  is  diffi- 
cult of  exact  determination,  owing  to  the  excessive  flatness  of  the 
Sulphur  Springs  Valley,  extending  from  near  Camp  Grant  to  the 
Mexican  line  and  varying  from  30  to  40  miles  in  width.  This  valley 
is  a  great  sink  from  which  little  or  no  run-off  occurs,  and  it  has  been 
eliminated  from  consideration  in  this  estimate  south  of  the  Graham 
County  line.  A  small  area  between  San  Carlos  and  the  Buttes  is 
directly  tributary  to  Gila  River,  independently  of  the  San  Pedro. 
The  principal  stream  in  this  last-named  district  is  Mineral  Creek. 

Drainage  area  of  QUa  River  above  the  Buttes^  Arizona. 
Drainage  above  San  Carlos:  Square  miles. 

In  Arizona 7,878 

InNew  Mexico 6,077 

Total 18,455 

San  Pedro  above  month: 

In  Arizona 8,886 

In  Mexico 120 

Total 8,456 

Small  tributaries  between  Sui  Carlos  and  the  Bnttes 928 

Total  area  of  GHla  Basin  above  the  Battes 17,884 

Total  area  below  San  Carlos 4^879 
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The  total  accepted  area  for  the  basin  of  Gila  River  above  the  Buttes 
is  17,834  square  miles.  The  total  area  below  San  Carlos  and  above 
the  Buttes  is  4,379  square  miles,  which  is  practically  25  per  cent  of 
the  entire  area  above  the  Buttes. 

RELATIVE  FLOW  AT  SAN  CARLOS  AND  THE  BUTTES. 

In  the  Twelfth  Annual  Report  of  the  Survej',  Part  11,  page  305,  is 
given  a  tabulation  of  the  observations  made  on  San  Pedro  River  at 
its  mouth,  at  Dudleyville,  Arizona,  from  May  to  August,  inclusive, 
1890.  During  this  period  there  was  discharged  from  that  stream  19,488 
acre-feet  of  water.  During  the  same  period  of  time,  as  measured  at 
the  Buttes  below  the  mouth  of  San  Pedro  River,  there  was  a  total 
discharge  from  the  basin  of  207,936  acre-feet.  This  shows  that  9.4 
per  cent  of  the  total  dischai^e  of  the  basin  above  the  Buttes  came 
from  the  San  Pedro,  and  that  90.6  per  cent  came  from  other  portions 
of  the  stream.  There  are  923  square  miles  tributary  to  the  Gila 
above  the  Buttes  and  below  San  Carlos  other  than  the  San  Pedro 
drainage. 

From  the  above  figures  it  is  considered  fair  to  estimate  that  90  per 
cent  of  the  water  of  Gila  River  comes  from  above  San  Carlos  and 
that  a  reservoir  located  at  the  last-named  point  would  only  lose  10 
per  cent  of  the  total  amount  flowing  by  the  Buttes.  Moreover,  the 
amount  which  enters  the  stream  below  San  Carlos  would  not  neces- 
sarily be  entirely  lost  to  a  reservoir  at  that  point,  as  the  discharge 
from  the  reservoir  could  be  regulated,  at  least  in  part,  so  as  to  take 
advantage  of  the  amount  of  water  available  from  the  San  Pedro. 
The  synchronous  observations  which  have  been  made  from  July  19  to 
September  23,  1899,  at  San  Carlos  and  at  the  Buttes  have  not  yet 
been  of  sufficient  duration  to  admit  of  drawing  general  conclusions. 

During  the  month  of  July  the  record  indicated  that  91  per  cent  of 
the  total  flow  at  the  Buttes  passed  San  Carlos.  During  the  month 
of  August  there  was  deficient  rainfall  throughout  Arizona  in  gen- 
eral. According  to  the  statement  of  the  Weather  Bureau  (report  for 
August,  1899,  Arizona  section),  "The  average  precipitation  for  the 
Territory  for  the  month  of  August  was  85  per  cent  less  than  the  nor- 
mal. The  average  determined  from  the  measurements  of  59  stations 
was  1.26  inches,  which  is  1.75  inches  less  than  the  average  for  August, 
1898.  The  greatest  amount  measured  at  any  station  during  the  month 
was  6.77,  at  Fort  Huachuca,  and  no  precipitation  was  reported  at  sev- 
eral stations."  Fort  Huachuca  is  in  the  headwaters  of  the  basin  of 
the  San  Pedro,  and  the  rainfall  at  other  stations  in  that  neighborhood 
was  abnormally  large  for  August.  As  might  be  expected,  therefore, 
during  the  month  of  August  the  discharge  from  the  San  Pedro 
been  proportionately  great.  The  record  of  stream  measurements 
indicates  60  per  cent  of  the  total  flow  as  measured  at  the  Buttes  pass*] 
ing  San  Carlos  during  August.     From  September  1  to  23,  inclusive, 
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there  was  59  per  cent  at  San  Carlos.  No  rainfall  records  for  Septem- 
ber, 1899,  are  at  present  (October  3,  1899)  available. 

The  record  for  the  iour  months  given  in  1890  indicates  90  per  cent 
of  the  total  flow  at  the  Buttes  available  at  San  Carlos,  and  during 
the  two  complete  months  (July  19  to  September  23)  when  the  meas- 
urements were  maintained  in  1899  at  both  places  a  mean  of  74  per 
cent  was  available  at  San  Carlos,  or  an  average  for  the  entire  period 
of  six  months  of  83  per  cent  at  San  Carlos. 

The  following  figures  are  the  result  of  comparative  measurements  at 
the  Buttes  and  San  Carlos  during  July,  August,  and  September,  1899: 

Comparative  discharge  of  OUa  River  at  San  Carlos  and  the  Buttes,  in  cubic  feet 

per  second. 
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The  inspection  and  study  of  the  basin  of  the  San  Pedro,  as  well  as 
of  the  Gila  proper,  by  members  of  this  Survey,  and  the  study  made  of 
the  relative  values  of  their  drainage  areas,  justify  the  conclusion  drawn 
from  all  the  measurements  that  90  x>er  cent  of  the  total  flow  as  meas- 
ured at  the  Buttes  is  available  at  San  Carlos.  The  larger  part  of  the 
water  of  Gila  River  comes  from  the  San  Carlos,  the  San  Francisco,  the 
Blue,  and  the  extreme  eastern  branches  of  the  stream,  and  a  small 
percent  enters  from  the  San  Simon  Plains,  which  lie  between  Solomon- 
ville  and  Bowie  station  on  the  Southern  Pacific  Company's  rallrovA. 
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Wherever  irrigation  is  practiced  a  certain  portion  of  the  water  is 
permanently  lost  by  evaporation  from  the  surface  of  the  ground  or 
from  the  leaves  of  the  growing  plants.  Another  portion  of  the  water 
nsed  for  irrigation,  varying  in  amount  from  20  to  50  per  cent,  depend- 
ing upon  the  nature  of  the  soil  and  the  slopes  of  the  irrigated  lands 
toward  the  drainage  lines,  sinks  into  the  ground.  This  is  known  as 
seepage  or  return  water.  It  fills  the  pores  in  the  soil,  gradually  rais- 
ing the  water  plane  until  it  flows  into  natural  drainage  lines  and 
becomes  again  available  for  irrigation.  In  the  Solomonville  Valley, 
in  the  Gila  River  Narrows,  below  the  Sanchez  ditch,  there  was,  on  April 
15,  1899,  237  second-feet  of  water.  Within  a  distance  of  40.7  miles 
below  this  point  there  was  diverted  in  ditches  429.8  second-feet  of 
water.  A  small  amount  of  water  is  wasted  back  into  the  river  from 
these  ditches,  but  the  actual  amount  used  for  irrigation  is  64  percent 
in  excess  of  the  amount  available  for  that  purpose  at  the  highest  point 
of  diversion.  In  other  words,  an  amount  equal  to  64  per  cent  of  the 
water  found  at  the  head  works  on  April  15, 1899,  found  its  way  through 
underground  courses  back  into  the  river. 

In  the  valley  of  the  Salt  River,  near  Phenix,  there  was  40  per  cent 
more  water  used  for  irrigation  in  June,  1899,  than  was  flowing  in  the 
river  at  the  highest  point  of  diversion  at  the  head  works  of  the  Arizona 
Canal.  It  must  be  remembered  in  this  connection,  however,  that 
during  the  months  of  July  and  August  there  is  a  much  larger  volume 
of  water  diverted  for  irrigation  than  on  the  dates  when  these  measure- 
ments were  made,  and  that  a  larger  amount  of  water  is  used  on  other 
occasions  for  the  irrigation  of  these  lands  than  is  indicated  in  this 
report. 

In  order  to  determine  the  actual  ratio  between  the  return  water  and 
the  amount  applied  to  irrigation  the  average  annual  quantity  used 
for  irrigation  for  a  term  of  years  should  be  determined.  This  amount 
is  at  present  unknown.  It  is,  however,  fair  to  assume  that  a  substan- 
tial percentage  of  all  water  used  for  irrigation  finds  its  way  back  into 
the  channel  of  the  two  streams  named  above.     This  may  be  as  high  as 

25  per  cent,  as  it  is  known  to  be  greater  in  other  localitias.  Because 
of  the  exceedingly  slow  movement  through  soil  the  discharge  is  regu- 
lated and  is  of  a  constant  nature.  For  instance,  the  flow  of  Los 
Angeles  River,  in  California,  which  receives  its  water  supply  from 
the  sand  and  gravel  beds  of  the  San  Fernando  Valley,  which  under- 
ground reservoir  is  charged  with  intermittent  floods,  has  not  varied 
in  amount  during  the  last  three  years  to  exceed  15  per  cent. 

It  may  be  confidently  expected  that  as  a  result  of  the  irrigation  of 
120,000  acres  of  lands  in  the  Gila  River  Valley  between  Florence  and 
Sacaton  20  or  25  per  cent  of  the  water  used  in  this  irrigation  will 
return  to  the  channel  of  Gila  River  and  will  be  available  for  further 
use  at  lower  points  on  this  stream.     This  would  be  sufficient  to  irri- 
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A    BUTTES  DAM  SITE    LOOKING  UPSTREAM;   PROPOSED  QUARRIES  ON   LEFT; 
SPILLWAY  ON    LEFT  OF  CENTER  OF   FIELD 


K    BUTTES  DAM  SITE.   LOOKING  UPSTREAM   FROM  UPPtR  TO^. 
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gate  from  24,000  to  30,000  acres  of  land,  in  addition  to  the  areas  esti- 
mated as  capable  of  being  served  from  a  reservoir  on  Gila  River. 

MEASUREMENTS  OF  GILA  RIVER  AT  THE  BUTTES,  ARIZONA. 

Gila  River  leaves  the  mountains  and  enters  the  plains  at  a  point 
15  miles  above  Florence,  known  as  the  Buttes.     At  this  place  the 
river  is  in  a  canyon,  which  i^  approximately  450  feet  wide,  its  bed 
being  covered  with  sand  and  gravel  to  a  maximum  depth  of  123  feet. 
Beyond  this  point,  until  it  forms  a  junction  with  its  principal  tribu- 
tar>%  Salt  River,  it  loses  in  volume.     A  gaging  station  was  established 
here  and  the  amount  of  water  available  from  the  basin  was  accurately 
determined  by  the  Geological  Survej^  from  August  26, 1889,  to  August 
31,  1890,  but  the  work  was  stopped  at  the  end  of  this  time  by  lack  of 
available  funds.     The  results  of  these  measurements  are  given  in  the 
Twelfth  Annual  Report,  Part  II,  Irrigation,  pages  306  to  309,  and  fol- 
lowing tables,  and  are  show  n  graphically  on  PI.  VI,  B,     A  gap  occurs 
in  the  record  from  August,  1890,  to  August,  1895.     In  the  fall  of  1895 
measurements  were  Ix^gun  by  the  reestablish ment  of  a  station  at  the 
Buttes  alK)ve  Florence,  at  the  same  point  that  observations  were  made 
during  the  years  1889  and  1890. 

From  August  1, 1895,  to  December  10, 1895,  gage  heights  and  depths 
were  observed  by  W.  Richins,  and  occasional  estimates  of  velocity  were 
niade,  and  with  these  data  and  the  measurements  made  subsequent 
to  the  middle  of  December  the  daily  discharge  for  the  months  of 
August,  September,  and  November,  and  the  early  part  of  December, 
1895^  has  been  ascertained.  These  results  can  be  regarded  only  in 
the  light  of  approximations  and  do  not  compare  in  value  with  those 
blowing  December  10.  Measurements  were  continued  throughout 
the  year  1890  by  W.  J.  Brash,  daily  readings  of  the  gage  being  taken 
and  current- meter  mejisurements  made  from  one  to  three  times  a  week. 
^e  data  obtained  for  the  period  following  December  10,  1895,  and 
extending  to  October,  1896,  are  of  a  high  degree  of  accuracy. 

During  the  year  1897  measurements  were  continued  at  this  station 
VW.  .1.  Brash  and  Albert  T.  Colton,  forty-nine  measurements  of 
discharge  being  taken,  the  last  measurement  being  made  on  October 
24, 1897.  Mr.  Brash,  who  was  connected  with  this  work  in  1896  and 
1897,  died  in  the  fall  of  1897,  and  no  other  person  residing  in  that 
immediate  locality,  it  was  not  possible,  with  funds  available,  to  have 
the  gage  rod  read  daily. 

Measurements  were  made  between  March  7  and  October  10,  1898, 
by  Albert  T.  Colton,  and  subsequent  to  November  14  by  Cyrus  C. 
Babb  and  othei-s  connected  with  the  present  investigation.  Sixteen 
meter  measurements  of  discharge  were  thus  made,  as  shown  by  the  dia- 
gram, PI.  VI,  jB,  prior  to  November  25, 1898.     After  this  time  a  contin- 
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U0U8  record  was  maintained  to  the  end  of  the  year.  In  order  to  make 
the  best  possible  use  of  the  sixteen  observations  made  prior  to  Novem- 
ber 25,  1898,  the  volumes  as  measured  on  those  dates  were  plotted  in 
diagram,  the  vertical  axis  representing  volumes  measured  in  cubic 
feet  per  second  and  the  horizontal  axis  representing  intervals  of  one 
day's  time  each.  The  points  thus  determined  were  connected  by 
straight  lines,  and  from  this  diagram  monthly  estimates  of  discharge 
were  made.  Subsequent  to  November  25,  1898,  daily  observations  of 
gage  height  and  area  were  taken  and  frequent  meter  measurements 
of  volume  made.  As  daily  measurements  of  areas  in  square  feet  were 
made,  the  rating  curve  graphically  shown  on  PL  VI,  -4,  is  in  terms  of 
areas  of  cross  section  and  discharge. 

During  the  year  1899,  until  October  20,  measurements  of  area  were 
made  daily  and  frequent  observations  of  velocity  were  taken  with  a 
meter.  The  results  are  shown  graphically  on  PI.  VI,  B.  The  rating 
table  applying  from  November  25, 1898,  to  July  10, 1899,  is  used  for  the 
first  portion  of  this  year.  The  meter  which  was  in  service  at  the  Buttes 
got  out  of  order  July  20,  1899,  and  until  August  10  observations  of 
gage  height  and  area  were  taken  daily.  The  discharge  during  this 
interval  has  been  computed  by  using  values  corresi>onding  to  the  gage 
heights  determined  from  the  rating  curve  shown  on  PI.  VIII,  A.  This 
exhibits  the  relation  between  gage  height  and  dischai^e,  and  also,  by 
the  position  of  the  small  dots,  the  values  determined  by  meter  meas- 
urements. The  following  table  expresses  numerically  the  values  given 
in  the  rating  curve : 

Rating  table  for  QUa  River  at  the  Buttes^  AHzona^  from  Jtdy  II,  1899,  to  AuLgusi 

10,  1899, 
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From  these  daily  measurements  of  area  and  frequent  measurements 
of  discharge,  together  with  the  rating  tables  mentioned  above,  the 
following  table  of  volumes  of  discharge  for  Gila  River  at  the  Buttes 
from  November  25,  1898,  to  September  30,1899,  has  been  prepared. 
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A.  RATING  CURVE  OF  GILA  RIVER  AT  THE  BUTTES,  ARIZONA.     APPLIED  FROM 
NOVEMBER  25,   1898,  TO  JULY   10,   1899. 


B.  DISCHARGE  OF  GILA  RIVER  AT  THE  BUTTES,  ARIZONA,  1889-1899. 


R]  MEASUREMENTS  OF   QILA  BIYEB. 

EHimated  daQy  discharge  of  Oila  River  at  the  Buttea. 
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Estimated  monthly  discharge  of  Gila  River  at  the  Buties,  Arizonct, 
[Drainace  area,  17334  square  miles.] 
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Eftitnated  monthly  discharge  of  GfHa  River  at  the  Buttes^  Arizona— Continned. 
tDndnage  area,  17,834  square  miles.] 
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From  the  foregoing  data  the  following  tables  of  annual  discharge 
of  Gila  River  at  the  Buttes  and  at  San  Carlos  have  been  compiled: 

Mimated  annual  discharge  of  Oila  River  at  the  Buttes  and  San  Carlos,  Arizona. 


Seaaonal  year  1889-90,  Sept.  1  to  Ang.  81. 
Fractional  year  1895,  Aag.  1  to  Dec.  81.. 

Year  1896 

Fractional  year  1897,  Jan.  1  to  Oct.  8  .... 

Year  1898,  approximate 

Fractional  year  1899,  Jan.  1  to  Sept.  80  .. 


Bnttea 


Acre- feet. 
866,561 
854,429 
616,206 
608,585 
868,902 
208,910 


SanCarloaa 


Acre-feet, 
829,905 
818,986 
554,58!^ 
458,227 
827,512 
188,519 


a  Ninety  per  cent  of  volume  at  the  Buttes. 

In  order  to  get  the  greatest  possible  value  from  the  records  which 

have  been  compiled,  and  more  particularly  to  make  comparison  with 

the  annual  rainfall  records,  the  table  given  below  has  been  prepared. 

In  this  statement  every  month  in  which  measurements  were  taken  is 

considered  in  the  determination  of  an  average  monthly  discharge  for 

each  month  of  the  year.     There  are  sixty  months  in  all  during  which 

observations  were  made,  there  being  five  different  years  in  which  the 

flow  was  observed  between  January  and  September,  inclusive,  and 

four  years  in  which  November  and  December  observations  were 

made.     From  this  table  the  mean  monthly  discharge  is  determined, 

and  where  a  year  has  seven  or  more  months  of  measured  record,  the 

remaining  portion  of  it  being  deficient,  the  mean  monthly  discharge, 

as  determined,  is  substituted  for  the  months  in  which  the  record  is 

defective.    In  this  way  a  complete  estimated  record  for  five  years  is 

obtained,  four  months  having  been  supplied  for  the  year  1890,  two 

for  the  year  1897,  and  three  for  the  present  year,  1899.    A  mean 

annual  discharge  is  obtained  by  adding  the  mean  monthly  discharges 

actually  measured,  so  that  the  mean  annual  discharge,  whicli\a  4%^^^^ 

acie-feety  is  determined  only  from  actual  measurementB,  and  mcAwd^ 
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all  measurements  that  have  been  made.  According  to  the  censns  of 
1890,  there  were  but  6,619  acres  irrigated  from  this  great  water  sup- 
ply, or  less  than  3  per  cent  of  its  possible  utility.  Practically  the 
same  area  is  irrigated  at  present  as  in  1890. 

Estimated  monthly  mean,  annual,  and  mean  annual  discharffCf  in  acre-feet,  of 
Oila  River  at  the  Buttes,  Arizona. 


[Dndnage  area,  17.834  sqoare  miles. 

Sixty  monthB  of  obaenration.] 

Year. 

Janoary. 

February. 

March. 

April. 

May. 

June. 

1800 

41,812 
24,340 
79,074 
80,362 
19.562 

82.100 
12,027 
48.080 
26,036 
18,278 

23.795 
14.880 
43.165 
29.083 
7.098 

14.161 
10,711 
41.296 
82,549 
8.680 

5.860 
i;988 
13,778 
17,954 
1.107 

1.666 

298 

8.094 

14.005 

807 

1806 

1807 

1806 

1800 

Mean 

40,828 

26,675 

28.788 

20,481 

8.080 

4.072 

Year. 

July. 

August. 

Septem- 

October. 

Novem- 
ber. 

Decem- 
ber. 

TotaL 

1880 

7.616 

052.6Q8 

48.817 

58,814 

141.084 

48.622 

9,665 

083,109 

96,966 

254.868 

40.190 

4.858 

083.100 

12.614 
o86,491 

65,638 

61.706 
086.401 

6,010 
o86,491 

16.009 
080.129 

46.177 

3B.676 
o80,]29 

18.763 
O80.120 

*"628;m* 

"616.208" 
570.206 
383.902 
858.680 

1800 

7.095 

192,888 
9?;  886 
48,805 
40.120 
33,018 
41.307 

1805 

1806 

88.604 
84,741 
124,  SKS 
78,060 

1807 

1898  .    ..      . 

1800 

Mean 

65.74o 

77.247 

62.608 

88.100 

86.491 

80.128 

469,098 

a  Approximate. 

Using  the  data  obtained  from  the  above  table  to  determine  the  prob- 
able conditions  which  would  exist  at  San  Carlos  and  at  the  Buttes,  the 
table  given  below  has  been  prepared.  The  amount  of  water  measured 
at  the  Buttes  is  the  basis  of  comparison,  90  per  cent  of  the  volume 
being  taken  as  available  at  San  Carlos  during  the  years  in  which  the 
observations  were  made.  This  table  is  given  in  order  to  determine 
the  proper  heights  of  dams  to  be  constructed  either  at  San  Carlos 
or  at  the  Buttes.  From  the  volumes  available  annually  have  been 
deducted  the  contents  of  the  reservoirs  with  the  dams  agreed  upon  for 
consideration  in  this  report,  and  a  column  both  for  the  Buttes  and 
for  San  Carlos  is  given,  showing  the  surplus  water  each  year. 

Volume,  in  acre-feet,  available  at  the  Buttes  and  at  San  Carlos,  and  surplus  above 
capacity  of  respective  reservoirs* 

[Capacity  of  the  Buttes  reseryoir,  174,040  acre-feet.    Oapacity  of  San  Carlos  reservoir,  241,896 

acre-feet.] 


Year. 

TbeButtee. 

San  Carloa. 

Available. 

Surplus. 

Available. 

Surplus. 

1800 

623.775 
616.206 
570,205 
368,902 
858,639 

348.735 
442,166 
396,165 
180,862 
179,599 

471.806 
654,585 

518.185 
aw.  612 
818.275 

230,002 
813,190 
271,780 
86,116 
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In  order  to  make  a  oompariaon  between  the  years  in  which  observa- 
tions of  volnmes  discharged  at  the  Bnttes  were  made  and  years  in  which 
rainfall  records  were  taken  in  the  basin  of  Gila  River,  the  diagram  on  PI. 
lU,  B,  is  given.  The  rainfall  data  for  this  diagram  is  taken  from  the 
summary  given  on  page  19,  and  is  the  mean  for  the  entire  basin  of 
Gila  River  above  the  Bnttes.  The  record  begins  in  1881  and  extends 
lo  1899,  inclusive,  covering  eighteen  years  of  rainfall  record,  that  for 
1899  being  estimated  for  the  jieriod  after  September  1.  Below  the 
record  of  rainfall,  which  is  in  inches  of  depth,  is  given,  for  correspond- 
ing years,  the  volume  discharged  in  acre-feet.  It  is  desirable  to  deter- 
mine whether  years  in  which  discharge  measurements  were  made  were 
years  of  excessive  or  deficient  rainfall.  It  will  be  seen  that  the  year 
1897  is  one  of  approximately  average  rainfall,  and  that  in  this  year 
twice  as  much  water  was  available  for  storage,  either  at  San  Carlos  or 
at  the  Buttes,  as  the  reservoirs  could  hold.  The  year  1898  was  one  of 
excessive  rainfall,  but  it  shows  less  run-oflf  than  the  year  1897.  This 
is  probably  accounted  for  by  the  nature  of  the  storms  occurring  in 
the  basin  during  that  i>eriod,  a  greater  portion  of  the  water  being 
absorbed  by  the  ground  and  evaporated  in  1898.  The  run-off  from  a 
hard  rain  is  relatively  higher  than  the  run-off  resulting  from  a  slow 
rain  or  a  gentle  shower. 

There  is  no  record  of  discharge  for  the  years  of  markedly  deficient 
rainfall,  unless  it  be  the  present  year,  1899,  for  which  the  record  is 
incomplete.  During  the  first  eight  months  of  the  year  1899  the  rain- 
fall for  the  portion  of  the  basin  above  San  Carlos  was  6.40  inches,  or 
75  per  cent  of  the  mean.  During  this  same  period  the  precipitation 
for  the  San  Pedro  stations  was  96  per  cent  of  the  mean.  To  August  1 
the  rainfall  for  the  entire  basin  was  80  per  cent  of  the  usual  precipita- 
tion. This  would  indicate  for  the  present  year  a  probable  mean  rain- 
fall of  10.59  for  the  basin.  The  year  for  which  we  have  the  lowest 
record,  as  determined  by  our  table,  is  1885,  when  the  average  rainfall 
for  the  basin  was*8.11  inches.  This  comparison  is  quite  rough,  but  it 
gives  some  idea  of  the  general  conditions. 

It  will  be  seen  from  the  above  that  the  year  1899  is  among  the  years 
of  low  run-off  and  rainfall.  Numerous  people  were  asked  concerning 
the  relative  dryness  of  the  year  1899  in  Arizona.  There  was  a  unani- 
mous verdict  expressed  to  the  effect  that  it  was  the  driest  year  which 
they  have  had  in  the  last  ten,  as  regards  both  rainfall  and  the  amount 
of  water  in  the  streams.  From  the  table  of  volumes  available  at  the 
Buttes  and  at  San  Carlos,  the  surplus  which  is  estimated  for  the  year 
1899  is  seen  to  be  179,599  acre-feet  at  the  Buttes  and  76,879  acre-feet 
at  San  Carlos.  There  is  still  a  margin  for  drier  years  than  the  ones 
through  which  we  have  just  passed. 

It  is,  of  course,  impossible  to  predict  absolutely  that  either  of  the 
reservoirs  as  projected  would  always  be  filled,  but  there  is  probability, 
if  not  certainty,  that  in  all  ordinary'  years,  in  aU  year^  ot  ^ilc^«!«&\n^ 
rainfall,  and  in  aU  years  of  ordinary  drought  the  reaervovc^  ^nrVIiQl  \^ 
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more  than  filled,  and  that  only  in  conditions  of  excessive  drought, 
surpassing  those  of  record  and  of  memory,  is  there  a  possibility  that 
the  reservoir  as  planned  either  at  the  Buttes  or  at  San  Carlos  will 
not  be  completely  filled.  Even  should  it  not  be  completely  filled, 
it  is  certain  that  a  partial  supply  will  always  be  available,  so  that  the 
irrigated  lands  supplied  from  this  source  can  readily  be  brought 
through  one  season  of  drought  without  serious  damage.  These  periods 
of  excessive  drought  are  not  likely  to  occur  oftener  than  once  every 
fifteen  years. 

From  the  data  and  tables  given  in  the  previous  paragraphs,  it  is 
considered  that,  as  far  as  the  water  supply  is  concerned,  a  dam  170 
feet  high  at  the  Buttes,  storing  174,040  acre-feet  of  water,  or  a  dam 
130  feet  high  at  San  Carlos,  storing  241,396  acre-feet  of  water,  can  be 
built  with  every  assurance  of  success.  The  statement  is  ventured 
that  there  are  no  reservoirs  in  arid  America  that  have  a  more  certain 
water  supply,  proportional  to  their  capacity,  than  these  proposed  res- 
ervoirs on  the  Gila  River. 

EVAPORATION. 

In  the  Twelfth  Annual  Report  of  the  Survey,  page  308,  there  is 

given  a  table  showing  the  probable  monthly  evaporation  from  a  water 

surface  in  Arizona,  from  observations  made  in  the  Southwest  by  the 

Survey.    This  is  accepted  as  the  basis  of  estimates  for  evaporation  in 

this  report: 

Lass  by  evaporation  from  a  water  surface. 


Month. 


January . 
February 
March . . . 
ApHl.... 

May 

June 

July 


Quantity. 


Inches. 
8 
4 
6 
7 
10 
11 
12 


Month. 


August 

September 
October... 
November 
December. 

Total. 


Quantity. 


IndteM. 
18 
10 
6 
5 
4 
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It  is  obvious  that  in  order  to  obtain  an  approximate  idea  of  the  loss 
by  evaporation  from  a  reservoir,  an  estimate  must  be  made  of  the  area 
that  will  be  exposed  to  evaporation.  For  this  purpose  the  following 
table  has  been  prepared.  It  is  assumed  that  100,000  acre-feet  of 
water  should  be  in  the  Buttes  reservoir  at  the  end  of  the  irrigation 
season,  or  on  November  1,  of  each  year.  The  amount  of  water,  in 
acre-feet,  that  will  probably  flow  into  the  reservoir  during  November 
has  been  obtained  from  the  table  of  the  estimate  of  monthly  mean, 
annual,  and  mean  annual  discharges  of  the  river  at  the  Buttes.  The 
amount  of  inflow  for  each  month  is  added  to  the  amount  of  water 
available  from  the  previous  months.  The  annual  consumption  from 
the  reservoir  is  assumed  to  be  the  capacity  of  a  completely  filled  res- 
ervoir, which  in  the  case  of  the  Buttes  is  174,040  acre-feet.  The 
amount  of  this  water  consumed  each  month  has  been  estimated  in  the 
column  marked  '* Portion  of  reservoir  used." 
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It  is  assamed  that  a  certain  amonnt  of  waterwill  always  be  required 
in  the  canals,  even  in  winter  time,  for  the  irrigation  of  annual  plants 
and  to  provide  for  domestic  and  stock  water.  The  fifth  column  of 
the  table  is  entitled  "Outflow  for  irrigation,"  and  is  given  for  each 
month  of  the  year.  This  is  obtained  by  multiplying  the  annual  con- 
sumption by  the  per  cent  used  each  month.  This  monthly  ccmsump- 
fcion  is  deducted  from  the  amount  available  in  the  reservoir  at  the  end 
»f  each  month,  and  from  these  figures  the  mean  area  of  the  water 
surface  in  the  reservoir  each  month  is  obtained  and  given  in  column 
six,  entitle<l  "Area  exposed  to  evaporation."  The  depth  of  evapora- 
tion for  each  mouth  is  then  taken  from  the  above,  and  the  resulting 
loss  by  evajwration  is  shown  in  the  eighth  column,  entitled  "Ix)ss  by 
evaporation."  The  next  column  shows  the  total  loss  from  the  reser- 
iroir  from  evaporaticm  and  irrigation;  the  tenth  column,  the  remainder 
in  the  reservoir  at  the  end  of  each  month,  and  the  eleventh  column, 
the  amount  that  is  wasted  from  a  full  reservoir,  the  capacity  of  the 
reservoir  being  174,040  acre-feet,  and  the  annual  outflow  of  the  basin 
at  the  Buttes  being  estimated  as  469,093  acre-feet,  as  shown  in  the 
table  on  page  30.  In  an  average  year  the  total  waste  is  198,590  acre- 
feet  of  water. 

The  loss  by  evaporation  under  the  above  conditions  would  be  22,370 
acre-feet,  but  there  still  would  be  available  from  the  reservoir  for  irri- 
gation its  full  capacity  of  174,040  acre-feet  of  water.  It  is  of  interest 
to  note  that  under  the  above  conditions  there  never  would  be  less  than 
132,320  acre-feet  of  water  in  the  reservoir,  which  is  sufficient  to  pro- 
vide for  a  complete  summer  irrigation,  in  case  the  stream  should  be 
entirely  dry  for  a  period  of  five  months. 

Hypothetical  summary  of  amount  of  water  in  the  Butt^  reservoir  each  months  tvith 
tise^  evaporation,  and  surplus. 
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As  the  conditions  above  named  are  all  assumed,  the  figures  used 
are  round  numbers.  It  is  probable  that  a  more  complete  knowledge 
of  the  stream  will  permit  of  a  greater  annual  consumption  by  irriga- 
tion than  the  capacity  of  the  reservoir  alone  would  indicate.  The 
driest  year  of  which  we  have  any  record  would  permit  the  use  of 
174|040  acre-feet  of  water  from  the  Buttes  reservoir,  with  a  substan- 
tial reserve. 

Accurate  observations  of  evaporation  are  always  difficult  to  obtain, 
owing  to  variation  in  wind  velocities  and  general  exposure  of  the  evap- 
orating pan.  The  effort  should  be  made  to  have  conditions  in  the 
evaporation  pan  that  would  be  similar  to  those  existing  in  the  reser- 
voir, from  which  the  loss  from  this  source  is  to  be  determined.  For 
this  reason  it  is  necessary  to  float  the  evaporation  pan  in  the  river  or 
in  a  canal,  and  the  fluctuations  of  the  water  surface  are  often  so 
great  that  the  pan  is  frequently  either  upset  or  entirely  lost.  Rain 
falling  on  the  pan  has  also  to  be  considered,  and  it  is  known  that  the 
amount  of  catchment  in  a  pan  3  feet  square  is  relatively  larger  than 
the  catchment  in  a  standard  rain  gage,  the  diameter  of  whose  cup  is 
8  inches.  In  the  Twelfth  Annual  Report  of  the  Survey,  page  235,  is 
given  a  statement  of  some  evaporation  observations  made  in  the 
Southwest.  These  do  not  cover  complete  months  and  may  be  mis- 
leading. 

Observations  of  evaporation  from  graduated  tubes  were  made  at 
the  Buttes  from  January  to  July,  1899.  These  tubes  were  exposed 
in  the  shade,  and  the  wind  was  prevented  from  acting  directly  on  the 
water's  surface.  The  results  obtained  are  of  doubtful  value  and  are 
not  used.  In  July,  1899,  an  evaporating  pan  was  floated  in  the  river 
at  the  Buttes,  but  the  record  was  so  much  interfered  with  by  high 
water  upsetting  the  pan  that  it  is  considered  unreliable.  Later  the 
att^empt  was  made  to  float  the  pan  in  an  artificial  pond. 

SPILLWAY  PROVISIONS. 

The  accompanying  illustrations,  Pls;  V,  IX,  and  XII,  exhibit  the 
conditions  at  the  Buttes  dam  site,  and  show  the  principal  features  of 
the  proposed  spillway.  In  the  report  by  Mr.  Davis,  of  1896,  he  deter- 
mined the  maximum  flood  that  would  have  to  be  provided  for  at  the 
dams  in  this  stream,  as  follows: 

The  first  conaideration  in  plans  for  a  dam  nnder  the  circnmstances  here  pre- 
sented is  the  provision  for  a  8afe  and  adequate  spillway.  The  large  catchmentarea 
of  this  stream,  its  moantainons  character,  the  paucity  of  soil  and  vegetation  on 
these  mountains,  exposing  considerable  area  of  bare  rock  on  steep  slopes,  and  the 
sadden  and  violent  nature  of  the  summer  raiiistonns  indicate  the  necessity  of  ^ 
spillway  of  large  proportions.  What  this  capacity  should  be  is  recognized  as  oii« 
of  the  important  and  difficult  problems.  The  best  evidence  thus  far  obtained 
regarding  past  freshets  on  this  river  was  kindly  furnished  by  Mr.  Albert  T.  001" 
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too.  The  gmftert  rise  so  far  leconied  on  tiw  QiU  Bim  occniwd  on  tht  ddd 
of  F^vosiT,  1891.  Oonsidenlile  eridcBce  was  olMained  that  no  snch  flood  haa 
ocacoii^  anoe  a  date  many  yean  befdiethe  adTent  of  the  white  man.  Ixrigatinir 
ditidieasapposedtobeextzemdyoldweieoferflowedanddteetTojed.  Lands  were 
overflowed  that  had  retained  no  eridenoe  of  any  prerkMU  inundation. 

On  Jnne  12, 1888,  aboot  sixteen  monthsafter  this  flood,  Mr.  Oolton  found  marks 
of  high  water  on  both  banks  of  the  river  hur  aboTO  any  of  the  ordinary  frsehela. 
whidi  be  actribated  to  the  great  flood.  This  point  was  aboat  3^  mike  bek>w  the 
head  of  the  Flovence  canal,  or  approzimatdy  6  miles  below  the  Battes.  With 
his  level  he  toc^  a  cross  section  of  the  river  at  this  point  and  measnred  the  sl<^^ 
of  the  channeL  The  cross  section  he  obtained  was  6.600  square  feeL  The  sl<^^ 
measored  was  10.56  feet  per  mile.  The  channel  vras  sandy  and  free  of  bmdi  or 
large  bowlders  or  other  obstmctions  for  a  distance  of  300  feet  above  and  300  feet 
bdow  the  cross  section.  This  informatitm,  meager  as  it  is,  is  the  best  we  have 
upon  which  to  estimate  the  discharge  of  the  river  at  that  time. 

The  difficulty  in  obtaining  correct  results  of  this  discharge  lies  in  the  uncar- 

tsinty  of  the  retarding  effect  of  the  channel  upon  the  flow  of  the  water.    This 

retarding  effect  in  a  rough  river  bed  is  very  great.    Assuming  this  quantity  as 

small  as  it  could  possibly  be.  a  computation  of  the  discharge  was  made,  using 

Kutter's  formula.    The  factor  of  roughness  designated  in  the  formula  as  **  a  **  was 

taken  as  0.025.    Not  that  this  was  considered  the  correct  factor,  as  it  is  almost 

certainly  too  small,  but  by  assuming  the  smallest  possible  value  of  '*  n  "  we  obtain 

the  largest  discharge,  and  it  is  the  largest  discharge  that  should  be  provided  for 

in  the  construction  of  a  spillway.    It  is  thought,  therefore,  that  this  computation 

will  give  conservative  results,  and  that  a  spillway  based  upon  the  discharge 

obtained  would  be  safe.    The  result  obtained  was  102,566  cubic  feet  per  second. 

And  it  is  to  sccommodate  this  discharge  that  the  spillway  is  planned.    It  vrill  be 

seen  at  once  that  no  such  spillway  could  be  economically  provided  artificially,  and 

that  the  accommodation  of  the  topography  to  the  provision  of  this  spillway  is  one 

important  determining  feature  of  ttte  location  and  height  of  the  dam. 

SILT. 

The  following  further  quotation  is  made  from  the  same  report  of 
Mr.  Davis: 

The  amount  of  solid  material  carried  by  such  a  stream  as  the  Gila  can  be  learned 
only  by  impounding  it.  As  it  is  considerable,  it  is  obvious  that  a  reservoir  built  on 
this  water  course  will  eventually  fill  with  solid  matter  unless  means  are  provided 
for  its  removal.  No  entirely  sufficient  plan  for  this  purpose  has  ever  been  put  in 
operation.  It  is  usually  assumed,  and  often  with  truth,  that  the  life  of  the  reser- 
voir Is  sufficiently  long  to  justify  its  construction  even  though  it  will  eventually 
fill  and  have  its  usefulness  destroyed.  This  disposition  of  the  problem,  however, 
is  not  applicable  to  the  present  case.  The  amount  of  material  carried  by  this 
stream  is  too  large  and  the  necessity  of  the  reservoir  to  the  life  of  the  district  to 
be  irrigated  from  it  is  too  vital  to  justify  this  convenient  solution  or.  rather,  eva- 
sioQ  of  the  problem. 

The  most  astonishing  accounts  are  obtained  from  the  inhabitants  of  this  region 
of  the  quantity  of  silt  carried  in  suspension  by  this  stream  when  in  flood.  Many 
people  in  their  emphatic  expressions  place  the  quantity  at  one-half  the  volume, 
^Kmgh,  of  course,  this  is  impossible.  It  is  said,  however,  that  in  the  months  of 
July  and  August,  when  the  surface  of  the  ground  is  exceedingly  dry,  when  it  has 
been  ground  to  powder  even  in  the  most  isolated  and  apparently  Inaooessible 
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localities  by  range  cattle  and  horses  in  search  of  grasB,  when  the  great  torrentia] 
''cload-borsta/'  to  which  this  conntry  is  subject,  fall  npon  snch  gronnd  and  rash 
off  the  steep  slopes  into  the  stream  with  prodigious  velocity)  the  amoant  of  silt 
carried  in  sospension  by  the  roaring  torrent  is  very  great. 

Attempts  have  been  made,  however,  by  private  parties  from  time  to  time  to 
measure  the  amount  of  suspended  material.  The  most  important  and  reliable  of 
these  measurements  were  those  made  by  Mr.  Albert  T.  Colton  in  the  month  ending 
August  7, 1893.  and  by  Mr.  W.  Richins  at  the  Buttes.  Mr.  Colton  found  the  per- 
centage of  silt  by  volume  averaged  2. 2  per  cent.  As  these  observations  were  ta^en 
and  reduced  by  Mr.  Colton,  who  is  a  competent  engineer,  they  are  adopted  as  cor- 
rect. The  observations  by  Mr.  Richins  extended  from  July  29  to  Deoraiber  81, 
1895.    They  were  taken  by  the  following  method: 

A  sample  of  the  water  was  poured  into  a  slender  glass  tube  until  it  reached 
the  height  of  100  divisions  on  a  convenient  scale,  and  was  then  allowed  to  settle 
several  days,  until  the  main  portion  of  the  water  was  clear.  The  height  of  the 
sediment  on  the  same  scale  was  then  read  and  tht'  result  recorded  as  the  percent- 
age of  mud  carried  by  the  water.  The  existence  of  this  record,  and  the  ease  with 
which  more  of  such  observations  could  be  taken,  made  it  important  that  an 
approximate  relation  oe  established  between  the  volume  of  this  mud  and  that  of 
the  actual  solid  matter  it  contained.  For  this  purpose  several  laboratory  determi- 
nations have  been  made  with  muddy  samples  of  Gila  water  by  settling  and  read- 
ing the  volume  of  mud  as  above  and  then  drjring  the  residue  at  100°  C.  and  deter- 
mining its  volume. 

These  observations  indicate  an  average  ratio  of  dry  matter  to  mud  of  about  one- 
fifth,  and  this  factor  has  been  used  to  reduce  the  mud  observations  of  Mr.  Richins 
to  solid  matter. 

It  should  be  remembered  that  these  observations  take  no  account  of  material 
that  IB  rolled  on  the  bottom  of  the  stream. 

On  page  32  of  Mr.  Davis's  report  of  1896  a  table  is  given  showing 
the  percentage  of  mud  and  solid  matter  carried  each  day  from  July 
29  to  Deceml)er  31  in  Gila  River  at  the  Buttes.  The  following  table 
gives,  in  columns  Nos.  3  and  4,  this  percentage  of  mud  and  of  solids. 
In  column  No.  2  the  number  of  acre-feet  discharged  on  corresponding 
dates  is  given,  and  columns  Nos.  5  and  G  give  the  number  of  acre-feet 
of  mud  and  solids  for  the  same  dates.  During  this  period  the  volume 
of  water  discharged  at  the  Buttes  was  360,523  acre-feet,  and  from  the 
table  it  is  found  that  37,984  acre-feet  of  mud  was  carried  in  suspension 
by  this  water.  This,  reduced  by  the  ratio  of  5  to  1,  as  adopted  by  Mr. 
Davis,  gives  7,704  acre-feet  of  solids.  The  average  amount  of  mud 
during  this  period  is  10.5  per  cent. 
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Di9eharge  of  »e(Ument  of  OUa  River  ai  the  Suites  for  189S. 
[Obsnrrer,  W.  Rkdiloa.] 
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Discharge  of  sediment  of  OUa  River  at  the  Buttesfor  /^»^— Contixiiied. 
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Beginning  on  January  1,  1899,  and  continuing  until  July  31,  1899, 
silt  observations  were  again  maintained  at  the  Buttes,  the  amount  of 
mud  and  silt  being  det»ermined  as  was  done  in  1895.  The  results  are 
shown  in  the  following  table.  This  differs  slightly  in  construction 
from  the  previous  table,  but  gives  results  which  correspond  with  it. 
Column  No.  2  gives  the  daily  discharge  of  the  river  in  second-feet, 
column  No.  3  the  per  cent  of  solids,  and  column  No.  4  the  solids  in 
second-feet.  From  the  mean  monthly  discharge  in  second-feet  of 
water  and  of  solids,  the  acre-feet  of  each  for  each  month  is  determined, 
as  indicated.  The  total  amount  of  water  discharged  during  the  first 
seven  months  of  1899  was  118,981  acre-feet,  and  the  amount  of  solids 
determined  was  1,893  acre- feet,  or  1.6  per  cent  of  solids  or  8  per  cent 
of  mud. 

Adding  the  total  number  of  acre-feet  of  water  during  the  period  of 
silt  observations  in  1895  to  tlie  acre-feet  of  water  discharged  in  1899 
gives  479,504  acre-feet  of  waterand  a  total  amount  of  solids  duringthe 
entire  period  of  9,597  acre-feet.  From  these  figures  an  average  of  2 
per  cent  of  solids  for  the  entire  period  of  observation  is  determined. 
It  will  be  noted  that  the  observations  in  1895  began  on  July  29  and 
extended  to  December  31,  while  the  observations  of  1899  began  Janu- 
ary 1  and  extended  to  July  31,  inclusive,  making  one  complete  year 
and  three  days.     The  total  mean  annual  discharge  of  water  of  Gila 
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Diaeharye  of  sediment  of  OUa  River  at  the  Buttes  for  1S99, 
[Obseryer,  a  W.  Lemon.] 
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River  at  the  Bnttes  has  been  determined  as  469,093  acre-feet.  If  8 
per  cent  of  this  volume  be  considered  as  solids,  it  will  indicate  an 
annual  discharge  of  solids  of  9,382  acre-feet,  which  corresponds  very 
closely  with  the  9,597  acre-feet  determined  in  the  twelve  months  dur- 
ing which  observations  occurred. 

The  capacity  of  the  Buttes  reservoir,  with  the  dam  150  feet  high  to 
the  spillway,  is  174,040  acre-feet.  If  9,711  acre-feet  of  solid  matter  is 
delivered  to  the  reservoir  each  month,  and  it  all  settles  in  passing 
through  the  basin,  this  reservoir  would  fill  with  solid  matter  in 
eighteen  and  six-tenths  years.  The  mean  annual  flow  of  water  of 
Gila  River  at  San  Carlos  has  been  determined  as  422,184  acre-feet 
If  2  per  cent  of  this  volume  is  solids,  there  would  be  delivered  to  the 
reservoir  8,443  acre-feet  of  solids  per  annum.  The  capacity  of  the 
San  Carlos  reservoir,  with  the  dam  as  planned,  130  feet  high  to  the 
spillway,  is  241,396  acre-feet.  If  8,443  acre-feet  of  solid  matter 
should  be  delivered  to  this  reservoir  each  year  and  should  be  depos- 
ited therein,  it  would  fill  in  twenty-eight  and  five-tenths  years. 

These  figures  show  the  exceeding  gravity  of  the  silt  proposition  on 
Gila  River.  No  other  stream  is  known  in  America  which  carries  such 
large  volumes  of  debris.  It  is  evident  that  some  provision  must  be 
made  to  avoid  the  destruction  of  the  reservoir  or  the  building  of  tiie 
dam  would  be  useless.  It  would  be  cruel  to  develop  a  civUization 
upon  irrigation  which  would  have  to  be  destroyed  at  the  end  of  a  gen- 
eration. It  is  extremely  fortunate  that  there  is  more  than  one  reser- 
voir site  on  Gila  River  the  water  from  which  would  be  available  for 
irrigation  in  the  neighborhood  of  the  Gila  River  Indian  Reservation. 
If  a  dam  should  be  constructed^t  San  Carlos  and  the  reservoir  become 
filled  with  silt,  it  would  be  possible  to  construct  at  the  end  of  the 
twenty-eight  and  five- tenths  years  a  second  dam  at  Riverside  of  equal 
capacity,  and  after  that  reservoir  became  filled  with  silt  the  dam  at 
the  Buttes  could  be  built.  A  fourth  reservoir  site  of  considerable 
value  may  be  found  at  Guthrie,  above  the  Solomonville  Valley,  on 
the  same  stream,  and  of  large  capacity.  In  the  case  of  all  these  dams 
the  capacity  increases  very  rapidly  with  an  increased  height  of  dam. 
For  instance,  if  the  Buttes  dam  should  be  raised  10  feet  above  the 
loO-foot  contour,  its  capacity  would  be  increased  33,755  acre-feet;  and 
if  raised  20  feet,  its  capacity  would  be  increased  72,355  acre-feet.  If 
the  San  Carlos  dam  should  l>e  increased  in  height  20  feet,  its  storage 
capacity  would  be  increased  135,780  acre-feet.  It  would  therefore 
be  possible  to  very  greatly  increase  the  storage  capacity  of  these  res- 
ervoirs by  building  the  dams  to  greater  heights  as  the  basin  filled  with 
mud.  The  spillways  of  the  San  Carlos  dam,  as  planned,  could  be 
raised  1.24  feet  in  height,  increasing  Ihe  capacity  of  the  reservoir  to 
that  extent  at  small  cost,  without  endangering  the  structure. 

The  silt  which  is  carried  by  Gila  River  is  exceedingly  light  and 
requires  a  niunber  of  days  to  settle  in  a  test  tube,  and  it  is  believed  that 
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%  portion  of  it  will  remain  in  suspension  iintil  it  is  carried  over  the  spill- 
way  or  through  the  gates.  As  irrigation  is  practiced  on  the  flat  lands 
3f  the  Gila  Valley  the  water  plane  in  that  district  will  be  raised 
much  nearer  to  the  surface  than  it  is  now,  and  less  irrigation  will  be 
necessary.  Numerous  points  are  known  in  the  San  Joaquin  Valley, 
in  California,  where  water  could  not  be  obtained  in  wells  prior  to  irri- 
^tion,  and  where  now,  after  twenty  years  of  irrigation,  water  is  stand- 
ing at  the  surface.  Near  Fresno,  California,  the  water  plane  has  risen 
bo  such  an  extent  that  but  one  irrigation  a  year  is  needed  on  the 
irineyards. 

When  the  irrigation  country  has  developed  to  the  extent  that  all 
vrater  available  from  the  reservoir  is  required,  and  when  the  reservoir 
has  reached  the  point  where  the  silting  endangers  the  community,  it 
probably  will  be  advisable  to  construct  a  large  storm  channel  around 
the  margin  of  the  reservoir  and  above  the  maximum  water  line  to 
carry  as  much  as  possible  of  the  water  of  the  river.  Such  portion  of 
the  water  as  is  needed  for  irrigation  below  can  be  passed  through  this 
canal  without  stopping  in  the  reservoir  and  may  be  diverted  at  the 
proper  point  near  the  irrigated  fields.  This  canal  could  be  constructed 
of  large  section  for  the  first  portion  of  its  course  and  the  section  after- 
wards reduced.  A  spillway  should  be  located  at  the  point  where  the 
cajial  is  reduced  in  capacity  and  the  excessive  water  be  drawn  from 
the  top  of  the  canal  into  the  rei^rvoir.  A  larger  portion  of  the  sedi- 
ment which  would  travel  in  the  bottom  of  the  channel  would  remain 
in  the  conduit,  and  the  clarified  water  would  be  discharged  into  the 
reservoir.  A  velocity  may  be  maintained  in  the  remaining  portion  of 
the  canal  sufficient  to  carry  the  silt  through  it  to  the  river  below  the 
dam. 

The  suggested  canal,  being  above  the  maximum  water  line,  would 
provide  an  effective  head  for  hydraulic  giants  for  sluicing  the  silt 
which  had  previously  been  deposited  in  the  reservoir.  On  favorable 
occasions,  when  the  reservoir  was  practically  empty,  this  sluicing  or 
washing  out  of  the  basin  could  be  practiced.  On  July  11, 1899,  there 
was  27  per  cent  of  mud  in  Gila  River  at  the  Buttes.  This  is  the 
greatest  amount  of  sediment  ever  observed  in  this  river.  From  this 
it  will  be  seen  that  the  suspended  matter  is  exceedingly  light,  and  it 
would  therefore  be  possible  to  move  large  quantities  of  this  loose  mud 
with  hydraulic  giants  and  carry  it  in  temporary  flumes,  or  even  in  the 
river  channel  itself,  through  openings  in  the  dam.  Experience  with 
light  silt  in  constructed  reservoirs  else  where  shows  the  greatest  deposits 
to  occur  where  the  water  is  deepest,  which  is  near  the  dam.  Here  is 
also  the  greatest  storage  capacity  of  the  basin. 

The  drop  from  the  storm  canal  to  the  bed  of  the  river  below  the 
dam  would  probably  be  not  less  than  150  feet.  If  500  cubic  feet  of 
water  per  second  should  be  discharged  through  this  canal,  over  8,475 
theoretical  horsepower  could  be  developed.     During  certain  ^tiodA 
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of  the  year  Gila  River  is  almost  dry,  and  this  power  would  not  be 
available  from  the  canal;  but  when  such  occasions  existed  in  the  river 
the  reservoir  would  necessarily  be  drawn  upon  for  irrigation,  and 
power  could  be  obtained  from  the  discharge  from  the  reservoir.  It  is 
possible  that  from  2,000  to  5,000  horsepower  could  be  develojied  in 
this  manner.  The  section  of  Arizona  in  the  neighborliooil  of  San 
Carlos  is  highly  mineralized.  Copper  mines  of  great  value  are  to  he 
found  at  Globe  and  at  Riverside.  New  and  effective  processes  have 
been  discovered  for  reducing  copper  matte  electrically.  Fuel  is  high 
priced.  On  the  above  basis  it  is  reasonable  to  presume  that  when  the 
time  arrives  for  the  building  of  the  storm  canal  around  the  reservoir 
sufficient  revenue  can  be  obtained  from  power  to  i^ay  the  interest  on 
the  cost  of  construction  of  the  storm  ditch.  This  power  could  also  be 
used  in  cleaning  out  the  reservoir  with  hydraulic  dredges. 

While  the  deposit  of  silt  in  the  reservoir  is  probably  the  most  seri- 
ous question  in  connection  with  the  impounding  of  water  on  the  Gila, 
it  is  believed,  on  the  basis  of  the  al>ove  arguments,  that  the  situation 
could  be  controlled  and  that  the  reservoir  may  be  made  to  do  service 
through  a  long  period  of  years,  if  not  indefinitely. 

EXPLORATIONS  FOR  BED  ROCK  AT  THE  BUTTE8. 

The  material  that  covers  the  bed  rock  at  the  Buttes  and  at  Queen 
Creek  is  a  sand  and  gravel  saturated  Vith  water  in  the  bed  of  a  can- 
yon, through  which  varying  volumes  of  water  might  be  exi>ected  to 
be  discharged,  ranging  from  100  cubic  feet  per  second  to  1,000  cubic 
feet  per  second  during  the  periods  of  low  water  on  the  river.  These 
low  stages  of  the  river  might  be  expected  to  exist  from  the  1st  of  April 
to  the  1st  of  July,  after  which  violent  floods  of  much  greater  volume 
would  probably  occur  at  the  Buttes  dam  site. 

On  Queen  Creek  large  bowlders  occur  at  the  surface,  and  although 
the  stream  might  be  expected  to  bo  entirely  dry  during  corresponding 
dates,  after  that  time  violent  floods  might  occur  any  day.  Great 
reticence  was  felt  on  the  part  of  everyone  in  giving  figures  that  should 
be  regarded  as  even  roughly  approximate  for  this  work.  Numerous 
well  drillers  were  interviewed  in  San  Francisco  and  in  southern  Cali- 
fornia, and  none  cared  to  bid,  under  the  conditions.  Two  methods  of 
going  to  bed  rock  were  suggested — one  by  means  of  open  shafts^  and 
the  other  by  the  use  of  the  diamond  core  drill.  Only  one  bid  was 
received  in  reply  to  proposals,  and  that  at  the  rate  of  W6  per  linear 
foot.  This  was  rejected  as  too  high.  It  was  admitted  by  all  that  the 
diamond  core  drill  would  work  accurately  and  easily  in  solid  rock, 
but  when  it  came  to  going  through  bowlders  of  varying  size  it  was 
conceded  to  be  exceedingly  difficult,  if  not  wholly  impracticable. 

As  stated  above,  the  one  bid  was  rejected,  and  the  Geological  Survey 
carried  on  this  work  at  the  points  in  question,  and  succeeded  in 
thoroughly  solving  the  problem,  largely  owing  to  the  experience  which 
Mr.  Arthur  P.  Davis  had  acquired  in  work  in  Nicaragua. 
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DIAMOND  CORE  DRILL. 

As  this  work  was  somewhat  unique,  it  will  be  of  interest  to  give  its 
progress  in  detail,  together  with  a  description  of  the  tools  employed. 
In  considering  the  matter  of  going  down  with  a  shaft  the  most  serious 
problems  would  be  the  water  encountered.  In  working  with  a  shaft 
the  river  would  have  to  be  carried  in  a  flume  by  the  works  for  a  long 
distance.  A  large  pump  would  have  to  be  kept  going  constantly  in 
the  shaft,  and  it  is  doubtful  if  under  the  most  favorable  conditions  it 
would  be  able  to  handle  the  amount  of  water  which  would  be  encoun- 
tered. Pumps  with  valves  would  be  barred  on  account  of  the  large 
amount  of  sand  suspended  in  the  water.  It  was  estimated  that  it 
would  cost  $46  per  vertical  foot  to  sink  shafts  under  these  conditions. 
This  would  permit  of  putting  down  about  four  holes  at  the  Buttes 
with  the  funds  available,  with  bed  rock  at  from  75  to  123  feet.  The 
actual  cost  of  sinking  170  linear  feet  of  shaft  at  the  mouths  of  one  of 
the  canyons  of  a  southern  California  river,  in  an  attempt  to  determine 
bed  rock,  was  $35.87  per  foot,  the  depths  in  this  case  varying  from  15 
to  30  feet,  and  the  material  through  wliich  the  shafts  wei'o  sunk  con- 
sisting of  sand  and  bowlders.  This  included  the  labor  of  building  700 
feet  of  flume,  but  not  the  cost  of  the  lumber,  which  was  furnished  by 
the  company  for  all  work.  There  was  pumped  from  these  shafts  with 
a  lOO-horsepower  boiler  and  engines  over  100,000  gallons  per  hour, 
*nd  yet  the  water  could  not  be  kept  down,  and  the  deepest  shaft  had 
finally  to  be  abandoned  before  bed  rock  was  reached. 

The  best  estimate  that  could  be  obtained  of  the  cost  of  sinking  by 
ttieans  of  the  diamond  core  drills,  as  furnished  by  San  Francisco  con- 
tractors, was  $12.69  per  linear  foot,  400  feet  to  be  sunk,  but  they 
^ould  not  offer  a  bid  even  on  these  figures. 

The  following  letter  from  Mr.  T.  F.  Richardson,  department  engi- 
lieer,  dam  and  aqueduct  department,  metropolitan  water  board,  of 
Boston,  is  of  interest  as  bearing  on  this  subject: 

We  had  two  diamond  drills,  one  mannfactnred  by  the  M.  C.  Bullock  Mannfao- 
toring  Company,  of  Chicago,  called  the  Badger  drill.  This  drill  was  intended  for 
prospecting  in  tunnels,  but  was  fitted  up  especially  for  us  for  sxurf ace  work.  This 
i&achine  cost  us  $900,  which  included  one  set  of  diamonds  worth  about  $200,  and 
the  necessary  fittings  to  put  down  a  If -inch  hole  about  200  feet. 

Oor  second  machine  was  bought  from  the  Sullivan  Machinery  Company,  of  Clare- 
Qiont,  New  Hampshire,  and  was  called  ''  3-510."  This  cost  was  $1,132.80,  but  no 
diamonds  were  included.  The  two  machines  were  fitted  for  and  were  capable  of 
doing  about  the  same  amount  of  work,  but  the  net  cost  of  the  Sullivan  machine 
Was  over  $400  more  than  that  of  the  Bullock  machine. 

Our  work  here  was  very  difficult,  as  the  bottom  of  our  gorge  was  blocked  up 
^th  large  bowlders,  and  we  found  it  necessary  to  use  several  sizes  of  bits,  namely, 
{{-inch,  l|-inch,  If-inch.  We  also  had  to  fit  up  so  as  to  be  able  to  put  down 
IHnch  casing,  using  diamond  bits  to  bore  it  down,  the  puri)ose  of  the  casing  being 
to  bore  through  bowlders  and  gravel,  so  as  to  be  able  to  work  a  ||-inch  bit  inside 
of  it.  Altogether  we  had  two  quite  complete  outfits  for  doing  aU  kinds  of  work 
op  to  If-inch  bits. 
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The  repsin  neoessaiy  to  the  machineB  were  not  very  large,  the  principal  cost  of 
repairs  being  for  new  bit  blanks  and  for  core  lifters;  bnt  in  order  to  do  the  work 
SQCoeasfolly  it  is  necessary  to  have  quite  a  number  of  appliances  oatside  of  the 
actnal  machines,  and  these  cost  considerable  money.  Onr  total  outlay  for  machines 
was  $2,039.  In  addition  to  this  we  spent  $3,878  for  diamonds,  bnt  we  have  at  the 
present  time  about  $700  worth  of  diamonds  on  hand,  leaving  the  net  cost  of  the  dit- 
monds  about  $3,178. 

When  we  started  in  on  our  diamond-drill  work  the  cost  of  diamonds  was  $19  per 
carat:  but  at  the  time  we  finished  the  cost  of  diamonds  had  risen  to  $36  per  caist, 
and  I  believe  the  price  is  about  $36  at  the  present  time  (August,  1898). 

The  total  amount  which  we  drilled  was  2,814  feet,  the  deepest  hole  being  388 
feet  deep,  and  the  average  depths  of  holes  about  60  feet.  The  amount  accom- 
plished per  day  was  from  0  to  32  feet,  the  average  amount  being  probably  about  10 
or  12  feet  per  day. 

The  cost  of  drilling  varies  very  largely,  both  with  the  hardness  of  the  rock  and 
fhe  oondition  of  the  rock  as  to  being  seamy. 

Following  is  the  cost  of  labor,  diamonds,  and  coal  for  drilling,  principally  with 
l|-inch  bits,  through  three  different  kinds  of  rock: 

Drilling  824.2  feet  of  rather  hard,  tough  diorite  rock: 

Labor : $341.35 

Diamonds'. 74.30 

CJoal 17.60 

Total 433.05 

Cost  per  foot 1.84 

(86.6  feet  of  this  was  drilled  with  l|-inch  bit,  and  237.6  feet  was  drilled 

with  l^inch  bit.) 

Drilling  150.7  feet  of  very  hard  syenite  rock: 

Labor 158.00 

Diamonds 298.00 

CJoal 10.50 

Total 467.10 

Cost  per  foot 3.10 

(Size  of  drill.  If  inches.) 

Drilling  286.1  feet  of  soft  schist  rock: 

Labor 190.00 

Diamonds 87.75 

Coal 11.50 

Total 289.25 

Cost  per  foot IM 

(Size  of  drill,  1}  inches.) 

You  will  notice  that  there  is  a  large  variation  in  the  cost  of  drilling  through 
different  kinds  of  rock.  The  costs  as  given  do  not  include  more  or  less  lost  time, 
and  the  depreciation  on  diamonds  due  to  their  \mng  of  smaller  size  after  beiug^ 
used.  Finally  they  get  so  small  as  to  be  valueless.  Depreciation  of  plant  is  also 
not  included. 

Regarding  the  best  size  of  hole  for  prospecting  purposes,  this  depends  largely 
on  the  work  which  you  have  in  hand.  If  I  were  fitting  up  for  similar  work  to 
what  we  did  here,  and  only  expected  to  fit  up  one  size  of  hole,  I  should  fit  up  prob- 
ably for  1|-inch  bit. 

When  I  speak  of  If -inch  bits,  I  mean  bits  that  give  cores  of  about  this  size, 
though  geneTBWy  the  cores  are  somewhat  smaller  than  the  sizes  noted. 
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Diamond-drill  work  is  ezpeosiFe  amaaenieot  at  the  best,  and  I  think  yon  will  be 
afe  to  condnde,  whetiier  yon  do  the  work  yourself,  baying  the  machines,  or  do  it 
tiy  contract,  that  the  cost  will  be  somewfaere  in  the  neighborhood  of  three  or  fonr 
cidlars  per  running  foot. 

It  was  decided  to  attempt  to  explore  for  bed  rock  by  means  of 
diamond  core  drills,  and,  through  Mr.  Arthur  P.  Davis,  who  was  in 
charge  of  the  work,  machines  for  this  purpose  were  obtained  from  the 
Nicaragua  Canal  Ck>mmission.  These  machines  had  been  used  in 
Nicaragua  in  exploring  for  bed  rock  along  the  route  of  the  proposed 
canal,  and  had  done  efficient  service.  Two  foremen,  Mr.  P.  Tierney 
and  Mr.  T.  J.  H.  Archambault,  were  employed  to  run  the  machines. 
These  men  had  previously  used  them  in  Nicaragua,  and  were  entirely 
competent  to  do  the  work  efficiently.  The  machinery  is  in  two 
distinct  parts:  First,  a  pile-driving  apparatus  for  putting  pipe  or 
casing  down  through  quicksand  or  earth;  the  pipe  is  afterwards 
washed  out,  and  inside  of  it  the  shaft  with  the  diamond  bits  is  operated. 
The  second  part  is  the  drilling  apparatus  proper.  The  machinery 
is  ver}'  light,  and  made  so  that  it  can  be  knocked  down  to  weights 
that  will  admit  of  the  sections  being  carried  on  the  backs  of  men. 
The  hammer  is  in  sections  and  can  be  increased  or  lessened  in  weight. 
The  bottom  section  is  cored  out  and  filled  with  wood,  so  that  the  blow 
of  the  hammer  will  not  abrade  the  head  of  the  pipe.  It  is  raised  by 
means  of  a  hand  winding  drum,  and  is  tripped  -when  it  reaches  the 
l)ops  of  the  guides,  and  falls  upon  the  pipe.  The  maximum  lift  is 
11^  feet  and  the  maximum  weight  190  pounds.  A  tool-steel  head  is 
screwed  into  the  top  of  the  drive  pipe  for  the  hammer  to  fall  upon. 

The  pipe  is  shod  at  its  lower  end  with  a  tool-steel  shoe,  which  is 
:hicker  and  heavier  than  the  pipe,  but  equal  to  it  in  interior  diameter, 
rhe  size  of  the  pipe  used  is  ^inch,  2^inch,  and  2-inch  extra  heavy 
screw  pipe,  with  extra  heavy  couplings  which  have  beveled  corners. 
The  smaller  diameter  pipe  is  in  each  case  made  to  fit  into  the  larger 
iiameter  if  required.  It,  however,  requires  a  special  make  of  2^inch 
pipe  to  go  inside  of  the  3^-inch  pipe.  The  pipe  is  driven  through  the 
aand  and  gravel  until  bed  rock  is  reached.  This  is  indicated  by  the 
refusal  of  the  pipe  to  go  any  farther  under  driving.  The  pipe  is  cut 
in  5-foot  sections,  and  as  it  is  driven  into  the  ground  new  sections  are 
put  on  until  the  desired  length  is  reached.  When  the  drive  pipe  has 
leached  bed  rock,  what  is  known  as  a  chopping  bit,  which  is  a  bit 
With  openings  for  water  to  fiow  through  its  point,  and  to  which  is 
Screwed  a  J-inch  pipe,  is  worked  into  the  drive  pipe.  The  top  of  this 
i-inch  pipe  is  connected  with  a  small,  double-action  hand  force  pump 
by  a  hose. 

The  chopping  bit  is  churned  around  in  the  sand  which  is  inside  of 
the  drive  pipe,  and  the  water  which  is  under  pressure  is  discharged 
through  the  point  of  the  chopping  bit,  and  fioats  the  loosened  sand 
out  over  the  top  of  the  drive  pipe.  In  this  manner  a  hol«  <^\i  \m 
Readily  cleaned  to  depths  as  great  as  130  feet  of  sand  and  smaYL  gtwv^V 
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The  diamond -drilling  machinery  is  put  to  work  when  the  drive  pipe 
is  cleaned  out,  and  it  is  possible  that  it  may  demonstrate  that,  instead 
of  being  on  bed  rock,  the  drive  pipe  has  stopped  upon  a  bowlder. 
As  soon  as  the  diamond  bit  passes  through  a  bowlder  it  drops,  which 
is  an  indication  that  bed  rock  has  not  been  reached.  The  diamond 
drill  is  then  drawn  and  four  or  five  sticks  of  giant  powder  are  lowered 
through  the  pipe  to  the  bowlder.  The  drive  pipe  is  then  pulled  up 
four  or  five  feet,  and  the  powder  discharged  by  means  of  an  electric 
firing  battery.  This  shatters  the  rock,  and  the  drive  pipe  may  then 
be  forced  through  the  splintered  bowlder.  In  this  manner  pipe  of 
these  varying  diameters  were  driven  to  bed  rock  at  five  difTerent 
dam  sites,  and  at  every  location  successful  results  were  obtained. 

COST  OP  OPERATING. 

The  diamond-drilling  machine  used  was  built  by  the  American 
Diamond  Rock  Drill  Company,  of  123  Liberty  street.  New  York. 
One-inch  bits  were  usually  employed.  The  diamond  drilling  machin- 
ery is  shown  on  Pis.  T  and  VII,  A.  The  drill  is  operated  by  hand 
power,  six  men  being  economically  employed  on  this  work,  as  well  as 
on  the  driving  of  the  pipe.  The  machine  is  capable  of  going  200  feet 
into  the  rock,  and  will  make  from  6  to  8  feet  a  day  in  hard  rock, 
and  from  10  to  15  feet  a  day  in  softer  rock.  The  cost  of  the  machineiy 
complete  is  approximately  11,000,  including  two  bits,  which  are 
worth  about  $200  each,  set  with  six  diamonds  each.  The  diamonds 
are  known  as  black  diamonds,  and  should  weigh  approximately  1 
carat  each.  Two  machines  were  used  on  work  in  southern  Arizona. 
There  was  paid  for  the  pipe  $590,  including  tools  and  fittings, 
delivered  in  Arizona;  1100  of  this  amount  being  freight  from  New 
York.     This  would  make  a  total  cost  of  outfit  complete  of  $1,590. 

Cost  of  operation  per  month  of  bed-rock  exploration. 

Foreman $150.00 

6  laborers,  at  $1.50  per  day,  28  days 284.00 

1  cook 45.00 

$439.00 

240  rations,  at  60  cents 144.00 

Total  repairs,  pipe  and  lumber  for  one  party  for  ten  months. . .      500. 00 

Total  commissary  charges  for  team,  feed,  etc 850.00 

Total  moving 670.00 

Total  sundry  incidentals 200.00 

Total  supervision 350.00 

Total, ten  months 2.070.00 

Sundry  expenses  per  month 230.00 

Total  cost  per  month 803.00 

Tenmonths,  at$808 8,030.00 

Total  number  of  feet  sunk 8,254.2 

Total  cost $8,080.00 

Cost  per  foot 2.46 

Coetperbole,  7,227-h52 154.42 


/ 


/  * 
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If  the  original  cost  of  machinery  be  distributed  over  this  work,  the 
results  would  be  as  follows: 

Operation $8,030.00 

Machinery    1,600.00 


Total  cost 

Or  average  cost  i)er  foot,  $2.86. 


9,630.00 


Both  machines  are  still  in  good  repair  after  having  been  used  in 
Nicaragua  and  in  various  localities  in  Arizona  and  California. 

The  total  depths  penetrated  in  all  materials  at  the  various  dam  sites 
are: 


Covering. 

Rock. 

Total. 

TheButtes 

1,621.2 

357.8 

729.8 

80.0 

143.2 

196.0 

55.6 

40.2 

0.0 

30.4 

1,817.2 

413.4 

770.0 

80.0 

173.6 

Queen  Creek . 

Riverside 

Dikes 

SanCarlos    

Total         

2,932.0 

322.2 

3,254.2 

The  work  at  the  Buttes  at  the  last  three  holes  and  at  the  Dikes  was 
very  greatly  delayed,  owing  to  the  loss  of  the  original  drive  pipe  by 
breaking  beneath  the  surface.  The  pipe  that  was  next  obtained  broke 
<^ntinually  under  the  hammer,  and  a  month's  time  of  one  party  was 
lost  by  these  interruptions.  The  expense  of  this  work  is  included  in 
the  above  estimate.  Owing  to  the  long  move  by  teams  of  the  outfit 
to  San  Carlos  dam  site  and  the  constant  interruption  by  floods  of  the 
Work  at  that  point  and  the  consequent  small  amount  of  driving  done 
there  (173.6  feet),  the  cost  of  that  portion  of  the  work  was  about  $6 
per  linear  foot.  If  San  Carlos  is  not  included  in  the  astimate,  the 
average  cost  per  foot  for  the  remaining  portion  of  the  work  would  Ik? 
reduced  about  10  cents. 

The  advantages  of  this  class  of  work  over  the  shaft  method  are 
manifest.  It  is  probable  that  not  over  five  or  six  shafts  could  have 
been  put  down  with  the  total  funds  available  in  case  that  metho<i 
^as  practiced,  and  it  is  problematical  even  then  if  it  could  have  been 
accomplished.  By  the  drilling  method  employed  the  location  of  bed 
rock  is  not  only  determined,  but  an  actual  sample  has  been  brought 
up,  which  can  be  tested  for  specific  gravity,  crushing  strength,  texture, 
Quality,  or  in  any  other  manner  desired.  The  work  was  entirely  suc- 
cessful, except  at  San  Carlos,  where  the  floods  became  so  violent  during 
the  month  of  August,  1899,  that  the  machinery  could  not  be  kept 
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8t4inding  in  the  river,  and  but  two  holes  reached  and  penetrated  the 
bed  rock. 

BITTTES  RE8ERVOIB. 
EXPIX>RATION   FOR  FOUNDATIONS  OF  DAM. 

As  reconiniendeil  in  the  report  by  Mr.  Arthur  P.  Davis,  made  in 
180G,  explomtions  have  been  made  to  determine  the  depth  of  bed  rock 
and  the  quality  of  the  rock  at  the  Buttes  dam  site.  By  this  snirey 
of  1899  the  diamon<1  core  dnll  demonstrated  the  fact  that  the  sonnd- 
ings  which  wore  niaile  by  rcKls  and  which  are  described  in  the  report 
alKive  mentioned  were  misleading.  There  is  proved  to  be  a  limit 
beyond  which  it  in  impossible  to  drive  rods  in  gravel  and  sand,  and 
this  limit,  which  is  found  to  be  approximately  60  feet  in  the  material 
comiKming  the  l)ed  of  the'  Gila,  prevented  the  correct  determination  of 
bi^d  roi^k  in  1800  by  the  nxi  method.  Twenty-four  holes  were  put  down 
by  the  diamond  core  drill  at  various  points  in  the  canyon  at  the  Buttes, 
the  effort  having  Ix^en  made  to  find  some  point  where  the  bed  rock 
would  l>e  shallow.  The  following  table  shows  the  depth  and  charM- 
ter  of  tlie  bed  rock  determined. 

Lag  of  borings  at  the  BtUten  dam  aite^  CHla  River^  Arizoncu 


Bod-rook 

Lino 

No. 

Hole 
JNo. 

Dppthto 
bedrock. 

of 

Depth 
drilled 
in  rock. 

Correct 
elevation 
of  surface 

elevation 
of 

elevattons 

reduced  to 

datum  of 

contour 

map 

(=  +ia38). 

Ixirinff. 

Jane,]809L 
Feet. 

bedrock. 

Fret. 

Feet. 

Fe^t. 

Feet. 

Firt. 

3 

33 

67.0 

08.0 

6.0 

1,589.00 

1,532.00 

1.546.38 

8 

34 

4rt.4 

51).  5 

7.1 

1.580.0() 

1,542.60 

1.556.98 

2 

3 

31.4 

38. 3 

6.9 

l,»a.62 

1.670.22 

1,683.60 

o 

4 

7».0 

77.5 

7.5 

1,589.(11) 

1,619.00 

1,532.38 

2 

5 

123. « 

i:c.o 

9.4 

1,689.00 

1,466.40 

1.479.78 

1 

(i5.i) 

83.  (► 

17.0 

1.589.00 

1.624.00 

1.637.38 

o 

Hl).0 

H5.0 

15.0 

1.5K9.W) 

1.6119.00 

1,582.88 

0 

105.0 

113.3 

7.8 

1.589. 00 

1.484.00 

1.497.38 

7 

70.0 

7».0 

9.0 

1,689.00 

1,510.00 

1.532.88 

31 

M.0 

W.O 

11.0 

1,589.00 

1.536.00 

1,648.88 

33 

13.5 

31).  2 

6.7 

1.589.00 

1,675.60 

1,686.88 

14 

HA) 

12.6 

4.6 

1.589.00 

1.581.00 

1,694.88 

1.) 

le.i 

68.9 

6.8 

1.580.00 

l,a96.90 

1,64a  28 

9 

71.4 

78.7 

7.3 

1.589.00 

1,617.60 

1,630.86 

30 

«K.O 

74.5 

5.9 

1,589.00 

1,620.40 

1,683.78 

10 

fitt.8 

84.1 

17.3 

1.589.00 

1,622.30 

1,535.68 

15 

iV4.0 

70.7 

6.7 

1,689.  (JO 

1.525.00 

1.688.88 

IH 

03.7 

70.7 

8.0 

1,604.  U) 

1,538.10 

1.645.48 

17 

70.0 

T9.0 

9.0 

1.MM.68 

1,526.62 

1,540.00 

IH 

68.7 

79.1 

11.4 

1.602.13 

1,633.42 

1,546.80 

19 

at.  4 

W.0 

7.6 

1.610.62 

1,584.22 

'  1.687.60 

5 

8 

78.0 

05.0 

17.0 

1. 589. 00 

1,611.00 

1.624.88 

5 
5 

11 
12 
25 

82.0 

94.0 

12.0 

1,689.00 

1,607.00 

1,620.88 

a  Not  reached  nt  77  feet. 


6  Not  reached  at  101  feet. 


The  contour  maps  of  the  Butt^^s  diim  and  reservoir  sites,  which  wei^ 
surveyed  in  181)6,  were  l>ased  uiK)n  a  datum  which  was  taken  from  tb^ 
l(X*al  records  of  the  Florence  canal.     Subsequently  a  line  of  leve^ 
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run  from  the  railroad  station  of  Gasa  Grande,  on  the  Soathem 
ific  line,  to  the  Bnttes  dam  sit^  and  upon  this  datum  the  topo- 
[)hie  map  of  the  irrigable  lands  in  the  vicinity  of  Florence  was 
le.  Upon  this  corrected  datum  the  canal  surveys  were  made,  and 
^nch  mark  was  established  at  the  Buttes  dam  site.  The  elevations 
m  on  the  large  contour  map  of  the  dam  site,  which  is  on  a  scale  of 
eet  to  th^  inch,  are  based  upon  the  first  elevation  of  Florence  canal 
am,  which  the  subsequent  levels  show  to  have  been  13.38  feet  too 
li.  The  elevations  given  on  the  plans  and  sections  of  the  Buttes 
1  correspond  to  the  elevations  of  the  contour  mai)8  of  the  dam  and 
^rvoir  surveys  and  do  not  correspond  with  corrected  elevations. 
^  elevations  given  in  the  above  table  are  both  the  corrected  de- 
ions  and  the  elevations  on  the  same  datum  as  that  used  for  the 
tour  map  and  plans  of  dam. 

Tie  holes  whose  surface  elevation  is  given  as  1,689  are  those  bored 
the  immediate  bed  of  the  stream.  Those  of  higher  elevations 
rted  on  the  alluvial  benches  above  low- water  level  on  either  side. 

QUALITY  OP  BED   ROCK. 

U  each  one  of  these  points  a  core  was  brought  up  showing  the 
i^ity  of  the  bed  rock.  The  following  table  is  a  description  of  the 
^obtained  at  the  Buttes: 

Cares  obtained  from  borings  at  the  Buttes, 


Nnmber 
of  bote. 

Depth 

drilled  in 

rock. 

Length  of 

core 
obtained. 

Quality  of  rock. 

23 

24 

3 

4 

5 

1 

2 

6 

7 

21 

^ 

14 

13 

9 

20 

10 

15 

16 

17 

18 

1» 

8 

11 

12 

6.0 
7.1 
6.0 
7.5 
0.4 

17.0 

15.0 
7.3 
0.0 

11.0 
6,7 
4.6 
6.8 
7.3 
5.9 

17.3 

6.7 
8.0 
9.0 
11.4 
7.6 
17.0 
12.0 

ineet 
4.00 
4.40 
2.40 
1.80 
4.25 
9.00 
1.40 
2.40 
5.80 
2.40 
5.00 
8.00 
1.80 
5.20 
4.60 
4.10 

.86 
5.00 
2.50 
1.66 
4.00 
2.25 
5.00 

Pearlite. 

Pearlite  and  ash. 

Pearlite,  very  solid  and  brittle. 

Volcanic  anh. 

Volcanic  ash,  badly  pitted. 

PearUte,  mingled  with  ash. 

Porous  ash. 

Volcanic  ash,  badly  pitted. 

Hard  ash. 

Hard,  volcanic  ash. 

PearUte. 

Volcanic  ash. 

Volcanic  ash,  very  porona. 

Blended  ash  and  peiurUte. 

Volcanic  ash. 

Volcanic  ash,  quite  hard,  but  badly 

pitted. 
Very  porous  volcanic  ash. 
Volcanic  ash. 

Do. 

Da 

Do. 

Do.  very  porous. 
Hard,  volcanic  ash. 
Bed  rock  not  reached;  hard  pan  at  40 

feet 
Bed  rock  not  reached. 

25 

216.5 

81.71 
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The  location  of  these  borings  is  shown  on  PL  Vlll,  By  these  being 
arranged  in  five  diiferent  rows.  At  the  relative  location  of  each  hole 
a  figare  has  been  placed  on  the  diagram  corresponding  to  the  number 
given  in  the  above  tables.  The  point  marked  '*^  B.  M."  shows  the  por- 
tion of  the  bronze  lieneh  mark  set  in  the  face  of  the  cliff.  It  is  the 
initial  point  of  the  sarvev  for  the  location  of  the  borings.  At  the  point 
marked  ''G'*  is  a  steel  gad  seven-eighths  of  an  inch  in  diameter,  set 
in  the  rock. 

In  taking  out  many  of  the  cores  it  was  fonnd  that,  while  the  drill 
had  entereil  the  rrx?k  for  distances  of  from  6  to  12  feet,  the  cores 
extracted  were  very  mnch  less  in  length,  owing  to  the  cmmbling  of 
the  rock  as  it  was  cot.  The  bed  rock  varies  between  a  volcanic  glass, 
or  obsidian  called  pearlite,  and  a  porous  ash.  The  obsidian  is  exceed- 
ingly hard,  bat  the  ashy  material  is  fall  of  holes,  quite  soft,  being 
readily  cat  with  a  knife,  and  of  a  crumbling  nature.  A  total  depth 
of  21G.5  feet  was  bored  into  the  bed  rock,  and  but  81.71  feet  of  core 
obtained  therefrom,  or  only  38  per  cent  of  the  total  length  of  the  core 
was  of  such  material  as  would  permit  of  its  extraction  from  the  holes. 
It  is  but  fair  to  assume  that  the  remaining  62  per  cent  is  of  a  poorer 
class  of  material  than  that  which  was  extracted. 

The  following  table  gives  crushing  tests  which  were  made  in  the 
laboratory  of  the  city  engineer's  office  at  Los  Angeles,  California. 
The  crushing  limit  of  the  machine  used  is  2,565  pounds  per  square 
inch.     This  would  be  equivalent  to  184.7  tons  per  square  foot.     A  good 
many  of  the  samples  could  not  be  crushed  on  the  machine,  but  it  has 
teen  considereil  that  all  rock  which  could  not  be  crushed  with  this 
pressure  is  reliable  and  could  1k»  accepted  as  a  satisfactory  founda- 
tion material.     The  poorest  rock  is  undoubtedly  that  portion  of  the 
core  which  has  jrone  to  pieces  under  the  action  of  the  diamond  drill, 
and  which  could  not  l>e  extracted.     Tests  were  obtained  from  the 
samples  as  low  as  79.5  tons  per  square  foot.     It  may  therefore  be 
assumed  that  the  tests  made  aiv  of  the  better  class  of  rock,  and  that 
if  any  of  tho  samples  iudicate  a  weakness  lx?low  the  limit  of  safety  it 
would  just  if y  the  abandonment  of  tli(»  l>ed  rock  as  a  proper  foundation 
for  a  c^Mnent-iuasonry  dam.     The  assumed  maximum  height  of  the 
dam  being  170  feet  above  the  bed  of  the  stream,  and  123  feet  to  bed 
rock  belf)W  the  same,  or  a  total  height  of  293  feet,  the  base  would  have 
U}  Im?  iiuwie  HO  wide  in  order  to  keep  the  pressure  at  the  outside  toe 
within  saf(^  limits  that  the  cost  would  be  prohibitory.     Some  of  the 
c^)n^H  having  crush(*d  with  80  tons  pressure  per  square  foot,  a  rubble- 
mamiiiry  dam  is  abandoned  for  this  site.     Crushing  tests  were  made 
by  .1.  W.  Kobinette  and  S.  G.  Bennett.     Specimens  were  1  inch  long* 
and  1  incli  in  diameter. 
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A.  ELEVATION  OF  END  WALL  OF  BUTTES  DAM. 


MAXIMUM  CROSS  SECTION  OF  PROPOSED  DAM  AT  THE  BUTTES.  ARIZONA. 
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peeific  gravity^  weight  per  cubic  foot^  and  enuhing  tests  of  diamond^riU  core 
from  bed  rock  at  the  Buttes^  Arizona. 


Vo.at 
gpeg- 

Weight 

Weifdkt 

in 
wmter. 

Lcea. 

Speciflc 
grayfty. 

Weii^t 

onUc 
foot. 

Grnali- 
lagtwt, 

pounds 

MTcnfaic 

IndL 

Cnwh- 

percnbic 
foot 

Bemarka. 

OWUXM. 

OttMoec. 

Omneet. 

l 

1.10 

0.60 

aso 

1.85 

116.4 

2,665+ 

184.7+ 

Stood  2,000  pounds. 

2 

0.75 

aao 

a45 

1.66 

10B.O 

1.085 

79.5 

Crnshed    at    807 

pounds. 
Stood  2,000  pounds. 

3 

i.ao 

a75 

as6 

2.» 

140.5 

2,565+ 

184.7+ 

4 

0.96 

0.45 

afio 

1.9B 

120.6 

2.666+ 

184.7+ 

Do. 

5 

0.90 

0.47 

a48 

1.7V 

112.0 

2,566+ 

184.7+ 

Do. 

S 

0.© 

0.40 

a42 

1.96 

122.0 

2,460 

177.0 

Crnshed   at  1,026 

pounds. 
Crnshed   at  1,786 

pounds. 
Stood  2,000  pounds. 

7 

aTO 

aao 

a40 

1.75 

100.0 

2,288 

161.7 

8 

ass 

a4o 

a45 

1.86 

U6.4 

2,666 

184.7+ 

but  developed  lon- 

gitudinal   crack 

^ 

after  being  taken 
out  of  teenng  ma- 
chine. 

9 

0.90 

a45 

a45 

2.0 

125.0 

2,088 

150.0 

Crnshed    at  1,629 
pounds. 

W 

0.05 

0.46 

a49 

1.866 

116.0 

2,666+ 

184.7+ 

Stood  2,000  pounds. 

11 

0.86 

a  45 

a  41 

2.10 

m.o 

2,077 

149.6 

Crushed   at   1,620 

pounds. 

QUARRY  TESTS. 

The  rock  at  the  Battes  appearing  to  be  of  a  questionable  quality 
for  concrete  or  rubble  masonry  work,  it  was  decided  to  be  necessary 
to  make  quarry  tests  in  order  to  determine  accurately  its  nature. 
Kr.  D.  Anderson,  mason  and  quarryman,  of  Los  Angeles,  California, 
nuide  the  following  quarry  tests: 

At  the  first  cliff  on  the  right  bank  below  the  dam  site  at  the  Buttes, 
12  feet  back  from  the  edge,  two  holes  were  put  down,  5  feet  6  inches 
and  3  feet  in  depth,  respectively.  This  location  is  marked  by  the 
figare  1  on  contour  map  of  the  Buttes  dam  site  (PL  IX).  Eight 
sticks  of  giant  powder  started  the  rock  and  one  25-pound  keg  of  black 
powder  pushed  it  off.  The  result  was  one  10-ton  rock,  one  2-ton  rock, 
and  numerous  small  rocks  ranging  from  25  to  500  pounds.  The  rock 
w  a  pearlite,  heavy,  close  grained,  and  fairly  free  from  seams.  It 
dropped  from  150  to  175  feet,  to  the  foot  of  the  cliff,  falling  partly  on 
«arth  and  partly  on  rock,  without  badly  shattering  it.  It  drills  easily, 
two  strikers  going  18  inches  an  hour  with  l^-inch  bit,  but  large  quan- 
tities of  i)owder  are  required  to  start  the  rock. 

The  second  test,  at  figure  2  on  PL  IX,  was  on  east  face  of  same 
cliff.  Five-foot  holes  were  put  down  in  a  st^p  series,  2i  sticks  of  giant, 
powder  being  used  to  spring  each.  Afterwards  holes  2i  feet  deep 
Were  filled  with  black  powder,  3  kegs  being  used  in  five  holes.  The 
fesult  is  hard  to  estimate — probably  100  to  200  tons  of  rock  were 
thrown  down.  There  were  one  2-ton,  two  1-ton,  and  about  twenty 
<)^rter-ton  rocks.  The  large  pieces  are  pearlite;  the  smaller  ones 
^  a  hard  ashy  rock. 
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The  point  west  of  the  left  spiDwBT,  mi  figure  3  on  PL  IX,  wafl 
opened  on  Jnne  10.  lSSi$,  mnd  a  hole  wa9  pot  down  4  feet  4  inches  and 
fonr  sticks  of  giant  powder  were  exploded  theiein.  The  rock  exposed 
seems  to  be  a  partly  solidified  pearlite.  light  and  brittle.  Soft  streaks 
and  spots  are  found  throogfaont  the  mass,  and  it  does  not  seem  suited 
either  in  weight  or  stmernre  to  bear  a  rabble-masonry  dam.  Aboat 
one-third  of  it  is  a  white-<!olored  ash  and  two-thirds  is  a  gray,  haid 
substance,  brittle  and  light.  The  ashy  material  cuts  readily  with  ft 
knife,  while  the  gray  is  haxd  to  scratch.  These  white  spots  are  often 
eroded  by  wind  action  when  occurring  at  the  surface,  holes  being  thus 
formed  as  large  as  2  feet  in  diameter. 

At  a  point  100  feet  northeast  of  the  left-hand  spillway  (bench 
mark),  at  figure  4  on  PI.  IX«  a  hole  4  feet  6  inches  was  put  down  on 
June  7  and  five  sticks  of  giant  powder  were  used  (three  and  one-half 
sticks  to  the  pound).  The  rock  is  similar  to  that  previously  noted, 
but  harder  and  ashy  white,  and  usually  resists  a  knife,  but  there  iu« 
spots  that  cut  like  chalk.  In  the  lower  portion  of  the  spillway,  at 
figure  5  on  PL  IX,  a  blast  was  put  off  which  showed  that  the  material 
is  softer  and  more  fragile  in  the  spillway  than  elsewhere  and  of  a  veiy 
questionable  nat  ure  for  cement-masonry  work.  On  the  southwest  end 
of  the  low  butte,  at  the  left  dam  abutment,  at  figure  6  on  PL  IX,  a 
hole  6  feet  deep  was  put  down  June  10,  and  three  sticks  of  giant  pow- 
der were  used  to  spring  it.  Twelve  pounds  of  black  powder  were  then 
used  to  throw  down  the  rock.  This  revealed  a  high-grade,  heavy, 
volcanic  glass,  resembling  the  first,  tested  across  the  river.  Overlying 
the  pearlite  is  a  streak  of  ashy  gray,  but  harder  and  darker  than  at  the 
spillway. 

The  prevailing  rock  at  the  dam  site  is  an  indurated  ash.  It  is 
found  in  the  cliffs  of  the  left  bank,  east  of  the  spillway  and  at  the  pro- 
posed upper  portal  of  the  tunnel  on  the  right  bank.  The  lighter  ash 
is  liable  to  crush  and  erode.  Probably  enough  of  the  pearlite  could 
be  selected  to  build  a  concrete  or  rubble  dam,  but  it  would  be  a  mat- 
ter of  selection,  and  much  of  the  lighter  rock  would  have  to  be  moved 
to  get  at  the  better  rock.  This  probably  would  be  50  per  cent  of  the 
mass.  The  rock  in  the  left-hand  spillway  probably  could  not  be  put 
in. a  concrete  dam.  It  could,  however,  be  used  for  a  core  of  a  rock- 
fill  dam. 

On  the  first  cliff  south  of  the  dam  site,  on  the  right  bank,  facing  the 
river,  two  large  blasts  were  fired  at  the  first  projecting  point,  at  fig- 
ure 7  on  PL  IX.  Three  holes  were  put  down,  14  feet,  15  feet,  and  16 
feet  deep,  18  feet  back  from  the  face  of  the  cliff.  The  rock  was  hard  and 
cut  coarse.  Three  men  could  go  down  10  inches  per  hour  with  a  churn 
drill.  Four  pounds  of  giant  powder  were  used  to  the  hole.  This 
sprung  the  cliff  from  one  side  to  the  other,  about  30  feet  deep.  The 
crack  was  then  charged  with  black  powder,  3 J  kegs  being  put  down 
to  each  hole.     The  powder  in  hole  No.  2  went  into  a  crevice  and  di^ 
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little  good.  The  entire  point  sprang,  but  did  not  fall,  but  around  the 
edge  was  revealed  pearlite  of  a  good  quality.  There  were  six  men  in 
all,  including  blacksmith  and  helper,  who  worked  fifty-three  hours  at 
this  point.  The  rock  dips  into  the  cliff,  so  that  while  the  ledge  was 
pushed  off  as  much  as  5  feet  it  did  not  fall. 

On  June  24  about  50  pounds  of  giant  powder  was  placed  in  the  key 
of  this  mass  and  shot.     This  brought  it  down  with  the  following  approxi- 
mate results:  Length  of  fallen  mass,  80  feet;  height  above  sand,  10 
feet;  depth  in  sand,  5  feet;  width,  30  feet.     This  is  about  440  cubic 
yards  of  loose  rock.     PL  X,  A,  gives  a  view  of  this  test.     There  were 
approximately  one  10-ton  rock,  ten  5-ton  rocks,  and  thirty  1-ton  rocks. 
The  mass  ranges  from  stone  that  would  pass  through  a  3-inch  ring  to 
rocks  150  pounds  in  weight.     It  is  of  a  mixed  ashy  structure,  and  not 
solidified  glass.     There  are  numerous  flow  lines  or  fissures  which  are 
contorted,  and  the  rock  has  gone  to  pieces  badly.     This  rock  fell  180 
feet  upon  the  sandy  river  bed.     The  pearlite  is  not  so  pure  as  was 
indicated  by  the  first  test;  it  seems  to  be  stratified,  and  changes  often 
from  pearlite  into  an  ash,  or  the  reverse.     Numerous  chips  knocked  off 
the  comers  of  base  of  this  cliff  with  a  hammer  show  it  to  be  a  hard, 
volcanic  substance,  such  as  is  frequently  penetrated  by  the  diamond 
drill  as  bed  rock. 

At  the  west  end  of  the  first  bluff  1[)elpw  dam  site  on  right  bank  at 
figure  8  on  PI.  X  five  men  worked  fifty-three  hours.  The  rock  is 
softer  than  that  at  the  middle  of  bluff,  shown  in  last  testa  It  cuts 
very  easily,  but  the  drill  holes  clean  hard  and  the  dust  from  cutting 
forms  paste  when  mixed  with  water.  The  average  rate  of  progress 
with  the  chum  drill  is  10  feet  an  hour.  Three  holes,  8  feet  apart, 
j  were  put  down  approximately  16  feet  in  depth  and  18  feet  from  the 
face  of  the  cliff.  Four  pounds  of  giant  powder  were  used  to  the  hole, 
and  the  cliff  was  cracked  across  the  point.  The  crack  was  opened  by  a 
second  charge,  consisting  of  2  pounds  of  giant  and  5  pounds  of  black 
powder  to  the  hole.  This  resulted  in  a  crack  2  inches  wide,  extend- 
ing 38  feet.  There  seems  to  have  been  an  error  in  judgment  on  the 
part  of  the  quarrjonan  in  spfinging  the  rock  too  much  before  using 
the  black  powder,  which  expended  its  energy,  in  a  large  part,  through 
the  fissures  of  the  rock.  This  crack  was  then  charged  with  ten  kegs 
of  black  powder,  and  a  portion  of  the  cliff  in  front  of  one  of  the 
holes  was  thrown  off,  knocking  down  about  300  tons  of  rock.  The 
other  portions  on  the  cliff  were  not  thrown  off,  but  sufficient  material 
was  revealed  to  show  the  nature  of  the  rock.  In  this,  as  in  the  for- 
mer case,  the  rock  fell  180  feet.  There  were  from  8  to  10  large  rocks 
displaced,  ranging  from  6  to  8  tons  in  weight,  but  a  large  portion  of 
the  fragments  range  from  100  to  200  i)ounds,  while  much  of  the  rock, 
possibly  25  per  cent,  is  in  pieces  weighing  less  than  50  pounds. 
There  is  a  large  amount  of  rock  buried  in  the  sand.  This  rock  is  a 
^eddish  or  fused  ash,  rather  light  and  brittle,  but  YiatA,  an^  ^>3cl 
1KB  33 3 
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Msaj  m  !■  I  if  Ii  n»gF'  is&  a  '^'^^  iaineis^  wb j  fro^  jdje»  to  ash.  and 
fattdk  acuB  V>  voiraBi^  c»»^  Fv^It  ^  per  «nu  is  ^Jias.  At  a  point 
3S  f «^  fioath  a  «iBiai>r  K-fct  «b->«^  ?><k>^  ri^asy  peaiiite.  which  falls 
vhlioot  ^hatterlAZ.  Tbie  fir«9  STMit^  peariis^  is  imtiier  rare  and  can 
DOC  1^  obtained  in  }arz^  qnaainipMi.  The  aehv  Bateiial  is  the  pre- 
vailinz  rr/r-k  and  L*  of  inferior  zr^^  for  <«:>ifestnietk>o  purposes. 

A  1>loek  of  die  poorer  eije*i«>  of  the  T4>kanie  a&h  froni  the  spillway 
OD  tb^  left  !jAnk«  eontaining  »>ft  $po€5  of  li^t.  ehalk-like  material, 
va^  immen^Ed  in  water  in  June,  and  eoatinned  under  water  until  the 
first  of  fV-toher,  over  three  m- Atk^.  At  the  expiration  of  this  time 
the  softer  portions  of  the  roek  indicated,  if  anything,  a  hardening, 
bm  «tiil  eoold  be  ent  with  a  knife.  It  w«>ald  be  between  2  and  3  in 
the  Male  of  hardness. 

In  eonelosion.  it  may  be  stated  that  it  wooM  be  diffietilt  to  select  a 
f^uffieient  amonnt  of  rock  of  tirst-clas6  quality  for  concrete  worker 
mbble  masonry  to  bnHd  a  dam  of  that  type  of  the  size  required  from 
bed  rock  to  a  line  170  feet  abi>ve  the  bed  of  the  stream,  a  total  hei^l 
of  ii'i  feet,  without  large  e3q)ense.  The  roek  at  the  Buttes  would  be 
suitable  for  the  construction  of  a  rock-fill  dam.  the  poorer  class  rock 
being  placed  in  the  center  of  the  dam  and  selected  rock  on  the  two, 
face«f  and  at  the  spillway  weir  on  the  right  bank. 

It  is  probable  that  ihedam  could  be  most  economically  constructed 
from  quarries  at  the  clifi^s  on  the  right  bank  of  the  canyon  below  the 
darn,  tramways  being  used  for  delivering  the  rock  to  the  structure. 
The  tramways  would  var>'  in  length  from  50«j  to  1,000  feet.  If  cable- 
wavH  were  use^l  they  could  not  properly  be  placed  on  lines  which  would 
U*  ii*'Hr  or  parallel  to  the  axis  of  the  dam,  and  if  they  were  not  90 
hutnUiil  it  would  require  a  double  system  of  cables  for  handling  the 
rfH'.k.  tm**  to  bring  it  from  the  quarries  to  the  dam  site,  and  a  second 
m'X  \4t  #Ji>*tribute  the  rock  at  the  dam. 

'\'\u*  r'/in<'lusion  reached  from  the  investigation  of  bed  rock  with  the 
diiiffion'l  rrore  drills  and  from  the  quarry  tests  leads  to  the  adoption 
of  a  fo^'k-fill  dam  for  the  Buttes  as  the  only  class  of  structure  which  it 
would  Ix*  fc*a«ible  to  build  with  the  material  available  and  on  the 
foundation  there  existing.  For  this  reason  the  estimate  of  cost  has 
U'<*n  made  s^ilely  upfin  this  type  of  dam. 

TYPE    OF    DAM    ADOPTED. 

If,  in  <<vid(*nt  that  the  desired  tj'po  of  dam  must  have  a  very  broad 
hiiMS  nHliKMUK  to  a  minimum  the  pressure  per  square  foot  on  each 
portion  of  its  foundations.  A  dam  with  this  breadth  of  base  would 
<'hII  for  /i  heavy  <»xi)enditure  for  the  excavation  to  bed  roek  if  the 
ont.lr(<  w^cjtion  were  taken  out.  In  order  to  be  stable  and  to  retain  the  | 
water  iiiip(Minded  above  it,  the  dam  must  have  an  impervious  eonnec- 
Mon  with  lM»d  nw^k.  The  style  of  dam  selected  (PI.  XI,  B)  is  of  the  rock- 
iJJ  J  t^jio,  with  concrete  retaining  walls  and  with  a  concrete  spillway  weir 
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on  the  right  side.     It  is  proposed  to  pot  a  wall  down  to  bed  rock  at  the 

upper  toe  of  the  dam  sufficient  in  thickness  to  withstand  the  pressure 

of  water  against  its  upper  face  when  excavations  are  made  l>ehind  it. 

At  the  lower  toe  of  the  dam  it  is  proposec^that  a  similar  wall  shall  be 

put  down  to  bed  rock  in  order  to  protect  the  structure  fn>m  en>8iou 

[   from  the  spillway  on  the  right  bank  and  to  retain  the  inclostnl  mass 

I  of  sand  and  gravel  as  a  foundation  for  the  riprap  or  dry-laid  n>ck. 

"       The  section  and  rear   \iew,  looking  upstream,  of  this  propostnl 

structure  are  shown  on  Pis.  XI  and  XII. 

Between  these  two  walls  there  will  be  held  a  mass  of  sand,  gravel, 
and  lx)wlders,  which  constitute  the  natural  bed  of  the  river  and  which 
will  not  be  excavated.     The  distance  between  these  two  walls  is  234 
leet.     It  is  proiKxsed  that  they  shall  be  carried  up  al>ove  the  bed  of 
the  stream  to  an  elevation  of  58  feet  on  the  lower  wall  and  03  feet  on 
the  upper  wall.     Loose  rock  will  be  de|K)sited  between  them  as  they 
are  raised  in  elevation,  and  the  river  will  be  allowed  to  flow  a  portion 
of  the  time  over  the  masonry  walls  onto  the  mass  of  rubble  lying  on 
the  sandy  bed  of  the  stream.     The  churning  action  which  will  result 
therefrom  will  permit  the  heavy  rock  to  settle  into  the  l)ed  of  the 
river,  it  being  desirable  to  have  this  take  place  as  mucli  as  possible. 
In  ease  this  does  not  occur  naturally,  it  is  proposed  to  pump  water 
onto  this  rock  and  force  a  settlement  in  that  manner.     The  rock  form- 
ing this  portion  of  the  dam  will  be  as  large  as  can  be  handled. 

An  outlet  tunnel  will  be  constructed  through  the  point  of  rocks  at 
the  right  abutment  of  the  dam  at  the  lowest  possible  elevation,  as 
shown  on  PI.  XII.  This  tunnel  (PI.  XIV,  A)  will  be  15  feet  high,  10 
feet  wide,  and  139  square  feet  in  area.  It  will  discharge  under  pressure 
«nd  with  high  velocity  and  will  carry  the  river  at  all  stages  of  low 
water  and  in  ordinary  floods.  It  will  be  about  1,000  feet  in  length 
and  have  over  1,000  second-feet  capacity.  This  tunnel  will  permit, 
during  all  usual  occasions,  of  the  regulation  of  the  river  as  may  be 
desired  during  construction.  Afterwards  it  can  be  used  to  carry  off 
flood  waters,  and  it  will  not  ordinarily  supply  water  for  the  irrigation 
canals.  On  the  left  bank  the  delivery  tunm^l  (see  PI.  XII)  will  Ih3 
located  30  feet  above  the  natural  l)ed  of  the  stream  and  will  dis- 
charge, if  desirable,  in'o  the  main  irrigation  and  power  conduit. 

A  serious  problem  in  connection  with  the  construction  of  this  dam 

^11  l)e  the  handling  of  the  great  floods  which  possibly  may  occur  in 

,the  river  during  its  erection.     If  such  a  flood  should  occur  during 

construction,  and  be  permitted  to  pass  over  the  dam  while  it  is  in 

«n  incomplete  condition,  the  loose  rocks  would  probably  give  way 

Siinder  the  violence  of  the  current  and  destroy  the  work  already  jwr- 
formed.  There  would  then  be  added  to  the  flood  the  volume  of  water 
^^ulting  from  the  bursting  of  the  reservoir,  and  disaster  would  fol- 
low not  only  to  the  structure  itself,  but  to  settlements  and  towns 
along  the  Gila  River  below  the  dam.     In  order  to  preveuti  tYA^  >Jaft 
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iw«f/  zbA^Aiy  re:;4:iiiEi^  waII*.  P_  XI.  B^  *Pr  tearri«d  aboire  the  be<l  of 
th^  rsver  'o  Th^  ^iHevas3*>3kS  suinH&^i.  If  wiir-n  ihetsf  vails  have  reached 
their  Eoaximasn  b^^dbt  az>*i  ibir  i]!i*irrr»-imke  <paee  is  filled  with  riprap 
a  fl«^jil  of  gvvrai  maznrtQ'ie  ib«>a£-l  pas&  over  the  dam  the  stracture 
«roald  «taDd.  the  k«ji*«r  r»x^i^  l)iezn«  bead  l»erv*vn  the  two  retaining 
walbi  would  sortie  d^wn  in»  ihe  saod  !>ed  between  them.  This 
wonM  !•*-  exactly  wha;  w-.-ald  V  d-^ine-L  An  examination  of  Pis.  \ 
Vj  A.  and  XII  *hMW>  :hat  ?h*-  l«e*i  nx-k  has  a  very  flat  slope  on  the 
Tizhx  ahutmeui.  Ii  Ls  pn:>pL«s»4i  :ha;  a  wall  i  PL  XL  A  i  should  be  built 
from  this  tiwl  nx-k.  a>  shown  .tn  P:.  XIL  :?»>  feet  in  thickness,  as  ft 
retaining  wall  for  the  right  end  of  The  i«>^e-nx''k  portion  of  the  dam, 
rronnecting  the  opper  and  iow»rr  Um-  wails.  The  puqx^se  of  this  wall 
is  to  rr-tain  the  loose  mek  and  to  protect  it  asainst  the  attacks  of 
floo^ls.  This  end  wall  will  l>e  made  of  concrete,  and  an  excessive 
thickness  will  not  \ye  necessary,  because  it  will  be  reenforced  by  the 
«ec^>ndar>'  rubble- masonry  weir  to  its  right. 

A  cux  (shown  by  the  cnjeshatching  on  PL  IX  \  will  be  made  into  the 
sloping  nx-k  at  the  right  abutment  down  to  an  elevation  of  40  feet 
alxiVf  the  natural  surface  of  the  river  Im?*!  and  to  a  width  of  1(X»  feet 
at  the  Ixittom.  This  cut  would  be  carrying  water  at  a  depth  of  30 
feet  when  the  water  reached  the  elevation  of  the  top  of  the  higher  toe 
wall  of  the  dam,  and  a  corresponding  head  on  the  large  tunnel  of  70 
fe<;t  would  then  exist.  This  would  probably  carry  any  ordinary  flood 
which  might  occur  in  the  river. 

The  effort  should  Ix*  made  during  the  first  year  of  construction  to 
coinjilete  the  two  n»taining  walls  fniiu  the  IxmI  roi«k  to  the  surface  of 
the  stf<-ani.  During  the  seccmd  si'ason  these  walls  can  Ix*  eouiplete<i 
aud  a>  much  of  the  roek-tlll  daiu  as  possible  nmstriicted.  In  the 
third  year  tlie  rock-fill  dam  shouhl  l^e  completed  and  the  concrete 
weir  ^'onstructed. 

As  the  work  on  the  rock-fill  portion  of  the  dam  advances  and  its 
erchf  risirs  in  elevation,  the  construction  of  the  concrete  weir  on  the 
right  al>utment,  which  is  to  act  as  the  spillway  for  the  structure,  can 
he  U'giin  and  carried  on  with  the  remaining  portion  of  the  work. 
Th(?  iwo  faces  of  th(»  central  dam  are  to  Ix^  laid  up  l)y  hand  in  dry 
wall,  and  the  slojics  wliich  have  been  accepted  f<)r  the  dam  are  prac- 
tically the  natural  angles  of  repose,  so  that  little  tendency  to  slide  is 
likely  to  <*xist. 

In  ordcjr  to  make  this  structure  water-tight  it  is  proposed  to  cover 
the  npiM*r  fm'e  with  an  apron  of  concrete  5  feet  in  thickness,  whieli 
will  be  connected  with  the  upper  toe  wall  and  the  two  abutments  of 
the  dam.  In  this  apron  of  concrete  a  continuous  riveted  steel  plate 
will  Im»  (Mri bedded  4  feet  iMnieath  the  water  face  of  the  dam  and  1  foot 
from  the  dry-laid  nnrk  wall.  Angle  irons  will  Ix^  riveted  horizontally 
and  vertically  on  both  sides  for  the  purpose  of  stiffening  the  plat** 
and  inMuring  a  lM*t tor  connection  with  the  concrete.     The  steel  plat<? 
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rill  make  the  dam  additionally  impervioos  and  lend  strength  t<o  the 
onerete. 

Gates  will  be  placed  at  the  npper  portal  of  the  flood  tunnel  and  will 
le  operated  from  the  surface  of  the  ground.  The  gates  for  the  tun- 
el  which  is  to  dischai^  into  the  irrigation  conduit  will  be  oix^rated 
pom  a  tower  (PI,  XIII) 

Quarry  tests  were  made  of  the  spillway  on  the  left  bank,  and  the 
ock  was  found  to  be  of  such  nature  that  it  would  not  stand  the 
rrosion  of  a  great  flood.  It  is  of  a  volcanic,  ashy  character,  }>orous 
n  spots,  light  in  weight,  and  portions  of  it  can  l>e  reatiily  whittUnl 
with  a  knife.  A  flood  approaching  100,000  cubic  feet  i>er  second 
MLssing  over  this  material  would  tear  it  to  pieces,  it  is  bclieve<l,  and 
>rode  great  channels.  It  would  be  exceeilingly  expensive  to  cover 
his  spillway  with  concrete  so  as  to  protect  it  or  to  build  a  series  of 
shecks  to  mitigate  the  erosive  action  of  the  water. 

On  the  right  abutment,  however,  the  rock  is  of  a  harder  nature.  It 
fi,  to  a  large  extent,  an  obsidian,  or  pearlite,  and  it  is  believed  that  it 
Brill  resist  erosion.  This  bed  rock  on  the  right  abutment  is  practically 
it  the  surface  :  rom  an  elevation  of  20  feet  or  more  above  the  beil  of 
the  stream.  A  concrete  weir  of  the  section  shown  on  PL  XIV,  By  will 
i)e  constructed  on  this  abutment,  the  elevation  of  the  top  l)eing  20  feet 
(ower  than  the  top  of  the  loose  rock  dam,  and  of  a  length  of  approxi- 
mately 650  feet.  Any  flood  occurring  will  pass  over  this  iwrtion  of 
^he  dam  only.  This  concrete  weir  will  be  built  into  the  excavation 
srhich  was  made  for  the  flood  waters  and  connected  with  the  retaining 
^all  at  the  right  end  of  the  rock-fiU  dam.  Its  section  will  be  such  that 
*ny  flood  may  pass  over  it  without  injuring  it.  The  dam  will  he  pro- 
wled on  its  flank  and  at  its  lower  toe  with  solid  walls  of  concrete, 
*iid  the  floods  passing  over  the  weir  will  be  discharged  away  from  the 
ttiain  dam  into  the  canyon  below. 

As  a  further  protection  against  any  churning  action  of  the  water 
^hich  may  occur,  large  blocks  of  riprap  should  be  laid  against  the 
iower  toe  wall  of  the  dam  to  prevent  the  scouring  of  a  largo  cavity  in 
the  bed  of  the  canyon  at  that  point.  The  lower  toe  wall  should  be 
provided  with  weep  holes,  so  that  hydrostatic  pressure  against  the 
'^all  can  be  avoided.  It  is  believed  that  the  body  of  sand  and  gravel 
between  the  two  toe  walls  of  the  dam,  which  is  234  feet  in  length  and 
^approximately  400  feet  in  width  and  which  is  rigidly  sustained  by  two 
Masonry  retaining  walls,  will  be  a  foundation  of  a  very  substantial 
&Qd  satisfactory  character  for  the  loose  rock  embankment  composing 
the  dam. 

It  is  a  frequent  practice  in  sinking  iron  caissons  for  bridge  piers  to 
build  concrete  upon  a  retained  sand  foundation  of  this  nature.  When 
the  foundations  of  the  retaining  walls  are  uncovered  and  examined, 
^^  the  bed  rock  should  prove  unsuited  to  sustain  the  vertical  pressure 
^ue  to  their  weight,  which  will  amount  to  a  maximum  of  12  U>iv«  \)A2t 


58  STORAGE   OF   WATER   ON   GILA   RIVER,  ARIZONA.  [ko.83l 

square  foot,  then  the  walls  will  have  to  be  broadened  at  their  base  to 
the  proper  width  to  reduce  the  pressure  to  the  desired  limit. 

It  is  believed  that  a  dam  could  be  constructed  at  the  Butted)  on  the 
plan  outline<l  that  would  be  a  reliable  and  creditable  engineering 
structure,  but  the  expense  would  l)e  great,  as  is  sho^'n  in  the  estimate. 

METHOD    OF   EXCAVATION    FOR    FOUNDATIONS. 

The  most  serious  difficulty  in  connection  with  the  construction  of  a 
dam  at  the  Buttes  will  be  in  the  excavation  for  foundations.  The 
plan  suggested  is  the  sinking  of  a  series  of  open  caissons.  These  will 
be  put  down  as  for  bridge  pier  work.  They  would  be  weighted  on 
top,  and  the  excavation  made  probably  below  water  by  means  of 
buckets  on  an  endless  chain  or  some  similar  method.  As  the  excava- 
tion in  the  sand  and  gravel  would  progi'ess,  the  caissons  would  sink 
on  account  of  the  superimposed  weight,  and  new  sections  would  then 
be  fitted  to  the  top  as  it  went  down.  The  borings  with  the  diamond 
core  drill  did  not  indicate  bowlders  of  large  size,  and  it  is  believed 
that  these  caissons  could  be  put  down  without  serious  trouble.  The 
attempt  would  not  be  made  to  keep  them  pumped  out  until  they 
reached  bed  rock,  when  pumping  would  be  resorted  to,  the  bed  rock 
would  be  cleaned  and  examined,  and  after  everything  was  clear  they 
would  be  filled  with  concrete. 

A  row  of  these  caissons,  tangent  to  each  other,  would  be  put  down 
at  the  upper  face  of  the  upper  toe  wall,  and  another  at  the  lower  face 
of  the  upi^er  toe  wall,  each  row  being  braced  against  the  other.  The 
IxhI  ro(^k  where  the  upp<M'  toe  wall  would  be  put  down  is  at  a  maxi- 
mum depth  of  71  feet,  and  is  better  than  the  average  l>ed  rock  which 
intervenes  between  the  two  retaining  walls.  At  the  lower  toe  wall  the 
bed  rock  is  largely  pearlite,  and  is  at  a  maximum  depth  of  122. G  feet. 
The  principal  trouble  in  putting  down  these  foundations  will  be  in 
handling  the  volume  of  water  to  l)e  encountered.  Bed  rock  is  nc^arer 
the  surface  at  the  upper  toe  than  elsewhere.  The  wall  would  be 
naturally  put  down  first  here,  and  this  would  greatly  relieve  the  vol- 
ume of  water  to  be  handled  at  the  lower  toe  wall.  The  two  rows  of 
caissons  having  lx>en  placed,  the  sand  and  gravel  intervening  would 
then  be  excavated.  When  the  excavation  is  completed  for  the  upi)er 
toe  wall  between  the  eylindei*s,  the  concrete  to  constitute  the  wall  would 
then  l)e  placed  in  solid  mass.  A  similar  construction  would  be  followed 
at  the  lower  toe  wall.  With  the  two  toe  walls  completed,  the  ripraj) 
would  ])e  placed  between  them  and  allowed  to  sink  to  the  gi^eatest 
depth  possible  into  the  sand. 

BUILDING  MATERIALS.   SAND  AND  GRAVEL. 

A  drainage  line  enters  the  Gila  River  at  a  distance  of  about  2,0(X> 
feet  above  the  dam  site,  which  carries  the  discharge  from  an  arci* 
lying  south  of  the  reservoir  site.     This  drainage  line  for  a  distance  of 
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miles  varies  in  width  from  100  to  400  feet  and  is  filled  to  an 
>wn  depth  with  a  high-grade,  coarse  building  sand,  the  voids 
tuting  35  i)er  cent  of  the  mass.  This  sand  would  have  to  be 
d,  and  would  then  be  of  good  quality  for  concrete.  The  cement 
J  dam  must  lie  shipped,  probably,  from  California  to  Casa  Grande, 
x)8t  for  railway  transportation  of  $12.20  per  2,000-pound  ton. 
agonhaulfrom  the  railroad  to  the  Buttesis40miles.  Theamount 
lent  used  should,  therefore,  be  reduced  as  much  as  possible.  An 
nation  was  made  for  materials  from  which  a  natural  hydraulic 
it  could  be  made,  without  successful  results.  Limestone  exists 
miles  below  the  Buttes  dam  site,  but  no  good  clay  was  found, 
ilso  would  be  an  expensive  element.  Coal  would  have  to  come 
New  Mexico,  if  used,  and  wood  from  the  neighborhood  of  the 
1  reservation. 

jst,  as  noted  on  page  16,  was  made  to  determine  the  possibility 
king  a  silica  cement  with  the  Portland  cement,  which  might  be 
ht  in,  and  finely  ground  pearlite.  By  mixing  one  portion  of 
ground  cement  with  an  equal  bulk  of  pearlite,  so  that  no  residue 
;  remain  on  a  200-mesh  sieve,  and  adding  two  parts  of  coarse 
not  ground,  making  a  mixture  of  one  part  finely  ground  Port- 
^ment  and  five  parts  sand  and  ground  silica,  a  tensile  strength 
pounds  i)er  square  inch  was  obtained  at  the  end  of  seven  days 
f  300  pounds  at  the  end  of  twenty-eight  days.  When  the  same 
it  was  mixed  with  sand  on  the  ratio  of  1  to  2,  33  per  cent  being 
Q  the  200-mesh  sieve,  a  tensile  strength  of  170  pounds  per  square 
wtis  obtained  at  the  end  of  seven  days  and  of  385  pounds  at  the 
f  twenty-eight  days.  The  same  pure  cement  mixed  on  a  ratio  of 
has  a  tensile  strength  of  140  and  240  pounds  per  square  inch  at 
ad  of  seven  and  twenty-eight  days,  respectively.  The  ground 
te  and  finely  ground  cement  mixed  on  the  ratio  of  1  to  7  has  a 
B  strength  of  185  pounds  per  square  inch  -at  the  end  of  twenty- 
days. 

CAPACITY  AND  COST  OF  THE  BUTTES  RESERVOIR. 

)  basin  of  this  reservoir  site,  shown  on  PI.  XV,  embraces  little 
iltural  land,  and  it  is  estimated  that  $10,000  will  cover  all  the 
^es  that  would  be  incurred  by  appropriating  it  for  reservoir  pur- 
Some  copper  prospects  have  been  discovered  in  the  reservoir 
b  a  point  known  as  the  Dikes,  but  it  was  subsequent  to  the  filing 
of  this  land  under  the  United  States  laws  for  reservoir  purposes, 
rther  antagonistic  interests  can  become  vested  here. 
5  capacity  of  the  Buttes  reservoir  site  is  174,040  acre-feet,  and 
itimated  cost  of  constructing  this  dam  is  $2,643,327,  or  an  aver- 
)st  of  $15. 19  per  acre-foot  of  capacity.  The  Buttes  reservoir  site 
le  advantage  of  being  closer  to  the  irrigable  lands  than  any  other 
)  reservoir  sites  considered  on  this  river. 
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Area  and  capacity  of  the  Buttes  reservoir  site. 
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Estimate  for  the  Buttes  dam. 

Rock  excavation  for  dam  and  riprap,  805,805  cnbic  yards,  at  $1 |305 

Masonry  in  walls  above  gronnd,  137,032  cnbic  yards,  at  $6 822 

Concrete  tower,  87,828  cnbic  feet,  at  50  cents 18 

Towerhonse 

8  inlets,  at  $500  each 4 

4  balance  valves,  at  $1,000  each 4 

Footbridge,  120  feet,  at  $10  per  foot 1 

Masonry  below  water: 

Lower  wall,  478,800  cnbic  feet,  at  90  cents 43C 

Upper  wall,  798,800  cnbic  feet,  at  70  cents 55t 

Steel  plates  in  face  wall: 

1,152,000  pounds,  at  7  cents 8C 

Low- water  tnnnel,  1 ,000  feet,  at  $15 U 

To wer  for  flood  gate 18 

Towerhonse 

Right  of  way 1( 

Upper  outlet  tnnnel,  lined,  320  feet,  at  $15 4 

Bulkhead  for  same,  200  yards  concrete,  at  $10 S 

Woodcrib  diversion  dam  at  head  of  Florence  canal,  500  feet,  at  $40  per 

linear  foot 2C 

2,298 

Engineering  and  contingencies,  15  per  cent 344 

Total 2,643 

CJost  per  acre-foot  of  water  stored,  $15.19. 
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DIVERSION  CANAIj  BEIjOW  THE  BUTTES  DAM. 

A  topographic  map  was  made  on  a  scale  of  100  feet  to  the  inch, 
with  5-foot  contours,  showing  possible  locations  of  a  diversion  canal 
from  the  Buttes  dam  site  to  a  point  near  the  head  of  the  Florence 
canal,  which  is  practically  at  the  head  of  the  irrigable  lands  to  be 
supplied  from  this  reservoir.  This  topography  was  mapped  by  Mr. 
Bradford  Wheeler,  of  Los  Angeles,  California.  A  grade  line  for  the 
proposed  conduit  was  computed.  Flags  were  then  set  with  a  level 
upon  the  10-foot  contour  nearest  the  grade  from  the  dam  through  to 
the  head  of  the  irrigable  lands.  A  transit  stadia  line  was  then  run 
between  these  contour  flags,  transit  points  being  set  at  intervals  not 
to  exceed  500  feet.  This  transit  line  was  then  plotted  upon  plane- 
table  sheets,  which  were  taken  into  the  field,  and  the  topography  was 
filled  in  by  means  of  the  plane  table.  Instructions  were  to  keep  the 
accuracy  of  the  map  within  the  limit  of  the  contour  interval.  The 
elevation  of  the  contour  flags  was  the  vertical  control  for  the  work 
and  the  angular  transit  line  was  the  horizontal  control. 

Upon  this  topographic  map  the  canal  location  has  been  studied. 
The  outlet  tunnel,  on  the  west  bank  of  the  reservoir,  is  placed  at  an 
elevation  of  30  feet  above  the  bed  of  the  stream,  the  storage  capacity 
lost  below  this  elevation  being  immaterial.  This  would  afford  a  bed- 
rock diversion  and  no  loss  by  seepage.  The  capacity  of  the  proposed 
canal  is  500  cubic  feet  per  second.  The  grade  of  the  canal  being 
lighter  than  that  of  the  river  permits  of  a  gain  in  relative  elevation 
and  the  possible  development  of  power.  The  principal  i)oint  gained 
by  the  construction  of  a  canal  as  planned  would  be  one  of  power. 

A  drop  of  18.11  feet  could  be  obtained  at  station  794-80,  which,  with 
500  second-feet  in  the  canal,  would  develop  about  800  horsepower. 
If  this  horsepower  could  be  sold  at  $50  per  horsepower  per  annum, 
it  would  pay  5  per  cent  on  a  capital  of  $800,000.  In  a  settlement  such 
as  would  be  built  up  upon  the  irrigation  of  100,000  acres  of  land  this 
power  might  be  sold.  When  the  time  arrives  that  would  make  the 
power  of  suf&cient  value  to  justify  the  construction  of  the  canal,  it 
may  then  be  built.  Prior  to  that  time  the  water  from  the  outlet  tun- 
nels can  be  discharged  into  the  bed  of  the  Gila  River  and  diverted  at  the 
present  head  of  the  Florence  canal,  where  projecting  ledges  of  rock  are 
suitable  for  that  purpose.  The  cost  of  the  construction  of  this  canal, 
therefore,  should  not  be  an  element  in  estimating  the  cost  of  the 
Buttes  dam.  The  water  from  either  the  Riverside  or  San  Carlos  reser- 
voirs, which  would  be  discharged  directly  into  the  Gila  River,  would 
necessarily  be  diverted  for  irrigation  purposes  at  the  head  of  the  Flor- 
ence canal,  which  is  the  point  where  water  from  the  Buttes  reservoir 
site  could  also  equally  well  be  diverted. 
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Cost  of  the  Buttes  canal. 

15, 510  lineal  feet  of  line<l  canal,  in  rock,  at  $8.80  per  lineal  foot $136, 488 

400  lineal  feet  of  lined  canal,  in  loose  rock,  at  $6.78  per  lineal  foot 2, 692 

5, 120  lineal  feet  of  earthen  canal,  57  cnbic  yards  excavation,  per  lineal 

foot,  at  30  cents  per  cnbic  yard,  $1.71  per  lineal  foot 8,755 

580  lineal  feet  of  lined  tnnnel,  at  $10.65  per  lineal  foot 6,177 

610  lineal  feet  of  earthen  canal,  lined,  at  $7.94  per  lineal  foot i, 843 

1, 960  lineal  feet  of  flnme  and  trestle,  at  an  average  oost  of  $17  per  lineal 

foot -^ 88,890 

24, 180  lineal  feet  of  condnit 1»,275 

Elngineering  and  contingencies 96,840 

Total SU,115 

4.59  miles,  or  abont  $48,000  i>er  mile. 

EXPIiORATlON  AT  THE  DISDBS. 

Four  miles  above  the  Buttes  dam  site,  on  the  Gila  River,  a  dike  of 
volcanic  rock,  apparently  of  more  recent  geological  origin  than  the 
remainder  of  the  country,  crosses  the  stream.  After  the  depth  to  bed 
rock  at  the  Buttes  was  determined  to  be  disappointingly  great,  it  was 
thought  possible  that  the  depths  might  be  less  at  the  Dikes.  A  test 
was  therefore  made  to  determine  this.  Pipe  was  driven  to  a  depth  of 
96  feet  and  3  inches  in  the  center  of  the  canyon  without  reaching  bed 
rock.  As  the  width  of  the  canyon  at  this  point  is  459  feet  between 
the  rock  croppings  at  the  two  sides  of  the  canyon,  and  as  the  better 
portion  of  the  Buttes  reservoir  site  in  the  way  of  capacity  lies  between 
the  Buttes  and  the  Dikes,  this  depth  to  bed  rock  is  considered  as  hav- 
ing condemned  that  location  for  the  construction  of  a  dam. 

RIVERSIDE  RESERVOIR. 

The  Riverside  reservoir  sit«  is  located  on  the  Gila  River,  in  Pinal 
County,  Arizona,  ])etween  the  mouth  of  the  San  Pedix)  and  a  point  one- 
half  mile  1k»Iow  the  mouth  of  Mineral  Creek  and  12  miles  above  the 
Buttes  (PI.  XVIII.)  The  dam  site  is  in  a  canyon  one-half  mile  below 
the  mouth  of  Mineral  Creek.  A  view  of  this  canyon,  looking  down- 
strciim,  is  shown  on  PI.  XVII,  A. 

The  water  supply  at  this  point  will  be  practically  the  same  as  that 
at  the  Buttes.  There  are  no  streams  or  drainage  lines  of  consequence 
entering  the  river  between  the  Buttes  dam  site  and  the  dam  site  of 
the  Riverside  reservoir.  The  discussion  of  the  water  supply  in  the 
previous  pages  of  this  report  will  apply  equally  to  the  Riverside  res- 
ervoir sit-e  and  the  Buttes. 

The  bed  of  the  canyon  between  the  projecting  ledges  at  the  two 
abutments  is  350  feet  in  width.  A  bench  mark  is  located  on  the  right 
bank,  20  feet  above  the  bed  of  the  stream.  It  is  a  bronze  tablet,  set  in 
the  rock,  such  as  is  used  to  designate"  elevations  by  the  Geological 
Survey.  It  is  considered  100  feet  above  the  datum  plane  of  the  dam 
and  reservoir  surveys. 
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This  elevation  of  ICO  feei  is  eqniT^Alem  to  1,7^.90  feet  above  se* 
!»veL  The  rock  at  this  loeatioa  is  a  gianite^  well  suited  for  bulld- 
og purposes.  The  topogiaphie  sorvey  of  th^dam  site  was  made  by 
r^rard  H.  Manhes.  assistant  hydrogiapher.  United  States  Geological 
ciTvey,  in  1899.  on  a  scale  of  100  feet  to  the  inch,  and  with  a  contour 
iterval  of  10  feet.  A  dam  has  been  projected  upon  this  map  as  a 
asis  for  an  estimate  for  this  report  at  the  point  where  bed  rock  was 
etermlned  by  the  diamond  core  driU.  The  height  of  the  dam  above 
tie  bed  of  the  stream  as  estimated  is  133  feet;  the  maximum  depth 
i  bed  rock  is  7S  feet,  or  a  total  height  of  structure  of  :?11  feet,  I^r^se 
^ges  of  rocks  are  available  for  construction  purposes  at  an  elevation 
bove  the  dam  on  either  side  of  the  canyon. 

The  accompanying  map  (PL  XVI)  shows  by  means  of  contours  the 
'aUs  of  the  canyon  and  also  the  location  of  the  dam  described  above, 
liis  has  been  prepared  from  the  detailed  map  made  by  Mr.  Matthes, 
he  2C>-foot  contour  lines  only  being  given.  The  dotted  lines  in  the 
enter  of  the  map  Indicate  the  depth  to  bed  rock  as  shown  by  the 
rUl  holes.  The  point  marked  ^'  B.  M.  100  "  on  the  map  is  at  an  alti- 
ade  of  1,763.3  feet  above  sea  level.  The  surface  elevation  of  the  beil 
f  the  stream  immediately  above  the  proposed  dam  is  76.8  feet,  and 
aunediatel}'  below,  76.1  feet.  Five  borings  to  bed  rock  were  made 
long  the  upper  face  of  the  dam  and  six  along  the  lower  side,  the  i>osi- 
ion  of  these  being  shown  on  PI.  XIV,  C 

PROPOSED  DAM  AT  RIVERSIDE. 

The  dam  at  this  point  should  be  an  overflow  weir,  as  the  topography 
s  not  suited  to  the  artificial  construction  of  spillways  on  either  side. 
%e  bed  rock  developed  by  the  borings  is  a  heavy  granite,  suited  to 
^thstand  any  pressure  that  may  be  put  upon  it  by  a  dam.  The 
luality  of  the  building  material,  the  topography,  compelling  an  over- 
low  weir,  and  the  substantial  character  of  the  bed  rock,  determine  a 
iiasonry  structure  as  the  best  suited  for  this  site.  The  section  of  dam 
>it)po6ed  for  San  Carlos  (PI.  XXII),  described  in  detail  under  the  dis- 
itission  of  that  reservoir  site,  is  the  one  selected  as  the  basis  of  the 
Ornate  for  the  Riverside  reservoir. 

Eleven  holes  were  put  down  with  the  diamond  drills,  their  position 
being  shown  on  PL  XIV,  C,  at  the  point  selected  for  the  dam,  and 
^res  of  bed  rock  were  obtained.  These  borings  are  distributed 
across  the  canyon  on  two  lines  150  feet  apart,  the  holes  in  each  row 
Wng  between  50  and  60  feet  distant  from  one  another.  The  specific 
gravity  of  the  rock  is  2.51  and  its  weight  per  cubic  foot  is  157  pounds. 
Its  strength  to  resist  pressure  was  beyond  the  limit  of  the  testing 
iQachine  used,  2,565  pounds,  which  is  equivalent  to  184  tons  per 
cubic  foot.  This  guarantees  it  to  be  strong  enough  for  the  purpose 
Quired.  The  following  table  gives  the  log  of  the  holes  at  this  dam 
Kit«.  Two  additional  holes  were  put  down  380  feet  above  thi^  m^ic^^V^ 
IRR33 6 
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dam  site,  in  order  to  determine  whether  bed  rock  was  nearei 
face  at  this  point.  One  hole  went  down  to  an  elevation 
above  the  datum  planet  or  76  feet  in  depth,  and  the  other  1 
vation  of  11  feet,  or  a  depth  of  68  feet.  Bed  rock  was  not 
tered  at  either  one  of  these  points,  and  as  the  canyon  is  w 
than  below,  it  is  evidently  inferior  to  the  site  where  the 
borings  were  made.     Hence  no  alternative  selection  was  at 

Log  of  holes  at  Riverside  dam  site. 


Line. 

Hole 
No. 

Depth  to 
bedrock. 

Depth 
dxiUed 
in  bed 
rock. 

Eleva- 
tion of 
bedrock. 

Qnallty  of  rock. 

A.... 
A.... 
A.... 
A.... 
A.... 
B... 
B.... 
B.... 
B.... 
C... 

C... 
C... 
C— 

C... 
C... 

1 
2 
3 
4 
5 
1 
2 
3 
4 
1 
2 
8 
4 
5 

6 

7 

Feet 
74.0 
76.6 
27.00 
82.75 

l6.no 

48.00+ 

44.38+ 

31.00+ 

78.50+ 

24.00 

49.00 

60.00 

64.33 

65.00+ 

27.00 
63.00 

Feet 
1.33 
5.00 
4.00 
4.26 
.66 
2.00 

Feet 

1,667.3 

1,664.7 

1,713.1 

1,713.8 

1,734.1 

Hard  driving. 

Hard  driylng  at  60  feet;  bowldei 

Bed  rock  doubtful. 

No  bed  rock;  bowlders 

Veryhard  driving;  no  bed  rock. 

2.00 
8.00 
8.25 
5.16 

l,n6.0 
1.600.4 
1,670.7 
1,673.7 

Qravel  and  aand. 

Bowlder. 

Bowlders. 

Do. 
Bed  rock  doubtful;  possible  ed| 
cliff. 

2.25 
10.76 

1,729.0 
1,682.9 

Note.— Add  1,663.3  to  elevation  on  contour  maps  for  sea  datum. 

METHOD   OF  CONSTRUCTION. 

As  the  quarries  from  which  the  material  for  the  dam  may  be 
can  be  properly  located  approximately  on  the  axis  of  the  s 
cableways  could  probably  be  best  used  for  putting  the  rock 
The  method  of  excavating  to  bed  rock  at  this  point  might  be 
ommended  at  the  Buttes,  although  it  is  possible  that  furthe 
gation  may  determine  that  simpler  methods  of  exc^vatioi 
sufficient.  Sand  suitable  for  concrete  work  may  be  found 
beds  throughout  the  canyon.  Along  the  wagon  road  from  tl 
side  stage  station  to  Globe  large  ledges  of  quartzite  occur.  ] 
this  material  have  rolled  down  the  drainage  line  practical! 
River  and  at  distances  not  exceeding  4  miles  from  the  dam  si 
quartzite  whon  ground  is  suited  for  mixing  with  finely  grou 
land  cement  for  making  silica  cement.  This  would  cheapei 
of  cement  for  the  construction  of  a  dam.  The  railroad  station 
material  for  the  dam  will  be  shipped  is  Casa  Grande.  The  f 
cement  from  Los  Angeles  to  Casa  Grande  is  $12.20  per  ton, 
per  barrel.  There  would  then  be  a  wagon  haul  of  50  miles  o 
good  roads  from  Casa  Grande  to  the  dam  site.  This  haul  w 
approximately  11.35  per  barrel.  With  cement  at  $2.85  per 
Los  Angeles,  the  cost  delivered  at  the  dam  would  be  $6.52.  A 
feet  in  height  across  the  bed  of  the  stream,  as  described  abo^ 
require  186,147  cubic  yards  of  masonry. 
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CAPACITY  AND  COST  OF  RIVERSIDE  RESERVOIR. 

,  The  Riverside  reservoir  site  was  surveyed  by.  Gerard  H.  Matthes, 

■  «88istaiit  hydrographer,  TJ.  S.  Geological  Survey,  and  mapped  on  a 
*  ecale  of  1,000  feet  to  1  inch,  with  contour  intervals  of  10  and  20  feet, 
r  leaching  an  elevation  of  214  feet  above  the  bed  of  the  stream  at  the 
f  cJam  site,  which  is  the  290-foot  contour  of  the  reservoir  survey.     With  a 

■  ieight  of  dam  of  133  feet,  or  to  the  210-foot  contour,  the  length  of  the 

r    reservoir  would  be  approximately  14  miles,  and  to  the  230-foot  contour, 

^    or  a  height  of  dam  of  153  feet,  approximately  15^^  miles.     The  width 

]     varies  at  different  points  from  a  half  mile  to  a  mile.     The  principal 

/     l)readth  is  from  3  to  6  miles  above  the  Riverside  stage  station.     A  dam 

130  feet  in  height  to  the  spillway  at  the  Buttes  would  store  206,000 
(     »cre-feet.     A  dam  133  feet  in  height  at  Riverside  will  impound  221,134 

i  acre-feet,  which  is  almost  double  the  capacity  of  the  Buttes  reservoir 
Bite.  A  dam  130  feet  high  to  the  spillway  at  San  Carlos  will  impound 
i  241,396  acre-feet,  which  is  the  best  of  the  three  for  this  size  of  dam. 
With  a  dam  150  feet  high  to  the  spillway  at  the  Buttes,  which  is  the 
height  upon  which  the  estimate  is  based,  174,040  acre-feet  would  be 

1  impounded.     A  dam  at  Riverside  of  a  height  of  153  feet  would  impound 
344,398  acre-feet,  which  is  double  the  capacity  of  the  Buttes,  and  a 
similar  dam  of  150  feet  at  San  Carlos  would  impound  377,1 76  acre-feet. 
The  Riverside  reservoir  site  is  situated  in  a  mineral  district.     Cop- 
per is  found  in  large  quantities  in  this  neighborhood,  and  in  August, 
1899,  there  were  29  copper  claims  that  would  be  wholly  or  in  part 
flooded  in  case  a  dam  150  feet  in  height  should  be  built.     These  claims 
are  not  being  worked  commercially,  but  are  at  present  "prospects." 
;  With  a  railroad  built  to  this  mineral  field,  it  is  quite  likely  that  a 
number  of  these  claims  could  be  worked  at  a  profit.     The  Ray  mine, 
which  is  being  actively  worked,  is  a  short  distance  above  the  reser- 
voir site  on  Mineral  Creek.     The  owners  are  making  an  effort  for  the 
construction  of  a  railroad  to  the  mines.     It  would  be  undesirable  to 
interfere  with  mining  oi)erations,  which  might  develop  valuable  prop- 
erties if  interference  could  be  avoided.     The  condemnation  of  right 
of  way  would  be  one  of  the  greatest  expenses  in  connection  with  the 
utilization  of  this  reservoir  site  for  storage  purposes.     It  is  probable 
that  it  would  cost  $200,000  without  court  exx)enses,  which  would  easily 
amount  to  $50,000  more.     There  are  under  cultivation  at  present  in 
the  reservoir  site  332  acres  of  land.     These  fields  are  irrigated  by  a 
small  ditch.     There  is  held  in  private  ownership  in  the  reservoir  site 
1,800  acres.     This  land  would  probably  cost  $20  an  acre  to  condemn, 
or  a  total  of  $36,000. 
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Capacity  of  proposed  Riverside  reservoir. 


Oontonr 
flow  line. 

Height  of 

jdam  above 

bed  of 

stream. 

Area. 

GapMsityof 
iieotloii. 

Total  capac- 
ity. 

Feet 

AcreM. 

Acre-feet 

Acre  feet 

80 
90 

8 
13 

28 

196 

196 

110 

33 

197 

2,252 

2,447 

130 

58 

600 

7,972 

10,419 

150 

73 

1,811 

18,005 

28,424 

170 

98 

2,316 

86,270 

64.694 

190 

118 

8,967 

62,882 

127,526 

210 

133 

5,895 

93,607 

221,184 

280 

158 

6,924 

128,174 

844,808 

844,808 

Note.— Elevations  based  on  datnm  of  dam  snrvey ;  100  feet  =  1,763.80  sea  datam. 
Estimate  of  cost  of  Riverside  dam. 

Masonry  (half  large  rock  and  half  concrete),  186,147  cubic  3rard8,  at 
$4.10  per  barrel  for  sand  cement,  or  $8.74  per  cubic  yard  for  cement 

(see  Duryee's  report),  at  $5.50  per  cubic ycu^ $1,081,809 

Excavating  for  foundations,  90,740  cubic  yards 400,000 

Towers  and  houses tt,O00 

Valves 0,000 

Footbridges 6,000 

Wooden  crib  diversion  dam  at  head  of  irrigation  canal 00,000 

Total *. l,51O»800 

Ck)ntingencies,  lOpercent $151,581 

Engineering,  5  per  cent 75,765  ,,^  0^4 

287,2W 

Total  construction  cost 1,742,605 

Damage  and  condemnatiou  i)roceeding8 — 250,000 

l,992,eS 
Total  number  of  acre- feet  stored  is  321,134,  at  a  rate  per  acre,  stored,  of  $9.01. 

SAX  CARIX>S  RESKllVOIR. 

Sjin  Carlos  reservoir  site  is  loeate<i  on  Gila  River,  on  the  Whit^ 
Mountain  Indian   Reservation,  at  the  San  Caplos  Agency,   in  Giln 
County,  Arizona,  at  a  point  wliere  San  Carlos  River  joins  the  Gilrt. 
Tlie  Gihi  Valley,   Globe  and   Northern  Railway,  which  leaves  the 
main  lino  of  the  Southern  Pacifie  at  Bowie  Station  and  runs  to  the 
town  of  Globe,  passes  across  this  reservoir  sit«.    The  Gila  River  at  this 
point  traverses  somespui^s  of  tlie  Pinal  range  of  mountains,  and  for  a 
distance  of  31.5  miles  b(^low  the  dam  site  the  river  flows  in  a  narro^v 
box  canyon.     This  canyon  extends  to  Dudley ville,  which  point  is  tin* 
upper  end  of  the  Riverside   reservoir  site.     The  river  then  jmsses 
through  the  Riverside  reservoir  si t<j  for  a  distance  of  15.5  miles,  after 
which  it  again  enters  a  canyon,  which  is  the  upjKir  end  of  the  Buttcs 
reservoir  site.     This  latter  canyon  extends  to  the  Dikes,  which  is  ^ 
miles  above  the  Buttcs  dam  site.     The  total  length  of  river  from  Srn 
Carlos  dam  site  to  the  Buttes  dam  site  is  approximately  GO  miles'^ 
about  40  miles  of  this  distance  being  box  canyon,  and  the  remaining 
portion  being  valh^y  land,  of  from  1  to  3  miles  in  width. 
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Six  miles  l>elow  the  San  Carlos  Agency,  where  the  river  enters  the 
>x  canyon  and  approximately  a  half  mile  below  the  beginning  of  the 
)x,  is  a  point  where  the  canyon  is  about  90  feet  wide  at  the  water  line 
id  where  its  walls  rise  very  abruptly  directly  from  the  river.  PL 
IX  shows  a  view  of  the  dam  site  looking  upstream.  The  dam  will 
e  located  at  the  point  where  the  wall  of  the  ca-nyon  is  shown  to  be 
lost  abrupt.  PI.  XX  shows  the  dam  site  as  surveyed,  with  a  contour 
iten^al  of  10  feet.  The  dotted  contours  show  bed  rock  as  indicated 
y  the  borings.  At  a  jyoint  approximately  100  feet  above  the  upper 
ace  of  the  location  selected  for  the  dam  there  has  apparently  been  a 
ault  in  the  rock  of  the  canyon.  If  the  dam  were  located  above  this 
ftult,  there  would  l)e  the  possibility  of  a  leak  occurring  between  the 
trata  and  of  water  passing  through  the  fault  to  the  channel  of  the 
iver  below  the  dam.  If  the  dam  is  built  where  located,  this  will  be 
bviated. 

The  narrowest  portion  of  the  canyon  is  approximately  400  feet  in 
ingth,  and  immediately  below  this  narrow  point  it  widens  out  to  300 
^t  at  the  low-water  line.  This  admits  of  a  spillway  provision  as 
bwn  in  the  plan  of  the  dam  (PI.  XX)  and  described  in  the  account 
f  the  dam  proper.  The  dam  is  located  at  the  point  shown  in  the 
Ian,  therefore,  in  order  to  obtain  better  spillway  advantage,  to  secure 
etter  foundations  and  abutments,  and  to  avoid  the  leakage  through 
ie  strata  above  the  line  of  fault. 

The  question  of  water  supply  available  at  San  Carlos  has  been  fully 
"eated  in  preceding  pages  of  this  report  in  the  discussion  of  supply 
vailable  at  the  Buttes  and  at  San  Carlos,  to  which  reference  is  made. 
be  supply  is  ample  to  fill  the  reservoir  with  a  dam  130  feet  in  height 
)the  spillway,  as  planned.  The  table  on  the  following  page  shows 
le  amount4»  probably  available  at  the  San  Carlos  reservoir  for  each 
lonth.  In  this  table  the  inflow,  consumption,  and  evaporation  are 
•eated  in  the  same  manner  as  in  the  table  on  page  33,  under  the  dis- 
cission of  water  supply  for  the  Buttes  reservoir  site.  It  has  been 
etermined  that  the  difference  between  the  amount  of  water  available 
>r  storage  at  San  Carlos  and  the  Buttes  was  10  i)er  cent,  and  this 
fdaetion  of  10  per  cent  has  been  made  in  all  estimates  for  the  supply 
i  San  Carlos  as  measured  at  the  Buttes. 

The  water  which  is  released  from  the  San  Carlos  reservoir  site  will 
iss  through  approximately  40  miles  of  box  canyon  on  its  way  to  the 
rigable  lands  where  it  is  to  he  used.  Comparative  measurements 
ade  at  the  Buttes  and  San  Carlos  during  the  dry  season  of  the  year, 
hen  less  than  10  second-feet  of  water  was  flowing  in  the  river  at  San 
arlos,  indicate  practically  an  equal  amount  of  water  at  San  Carlos 
id  the  Buttes.  There  undoubtedly  is  a  substantial  loss  from  evap- 
•ation  between  these  points,  but  this  loss  is  compensated  for  by  the 
epage  water  which  returns  from  the  Riverside  Valley  and  from  the 
iUey  above  the  Buttes  dam  site.  In  the  case  of  the  Riv^TH\d<6yA- 
y  a  few  second-feet  of  water  is  used  for  irrigation,  and  tScL^  T^\»\xm 
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from  this  irripition  aii^inonU  tlic  stream.  In  lx)th  valleys,  howev^ 
the  hijurh  st^igos  of  the  river  undoubtedly  charge  the  sand  bars  ac9 
gravel  Ix^ds  with  water,  and  these  are  gradually  drained  oflP  duriic 
the  lower  stages  of  the  stream  and,  as  has  been  stated,  give  jnaeb 
eally  an  equal  amount  of  water  at  San  Carlos  and  the  Buttes. 

The  San  Pedro  and  the  other  drainage  lines  entering  the  Gila  abovi 
the  Buttes  and  below  San  Cartas  will  contribute  their  portion  to  thu 
stream,  unregulated  by  a  reservoir  built  at  San  Carlos.  This  watei 
can  be  used  for  irrigation  around  Florence  if  diverted  below.  If  thii 
volume  of  water  and  the  return  water  from  seepage  is  added  to  thi 
water  which  is  dis(^hai*ged  for  irrigation  from  the  San  Carlos  reservoi 
site,  it  is  probable  that  there  will  be  available  for  irrigation  at  th< 
point  of  diversion  as  much  water  as  would  be  discharged  from  the  Sai 
Carlos  reservoir  site. 

If  the  Gila  River  from  the  San  Carlos  dam  site  to  the  Buttes  dan 
site  is  00  miles  in  length  and  2(K)  feet  in  widtli,  it  will  expose  to  evap 
oration  a  water  area  of  1,454  acres.  The  depth  of  evaporation  pei 
annum  has  been  previously  determined  as  91  inches,  or  7.58  feet 
With  an  area  of  1,454  acres  and  a  depth  of  evaporation  of  7.58  feel 
there  will  be  lost  from  this  body  of  water  11,021  acre-feet.  This  woulc 
be  4.6  per  cent  of  the  total  capacity  of  the  San  Carlos  reservoir  site 
and,  in  order  to  make  an  allowance  for  all  ]X)ssible  loss,  5  per  cent  ol 
the  water  discharged  from  San  Carlos  is  assumed  as  being  lost  for  irri 
gation  below  the  l^nttes.  The  Riverside  Valley  and  the  valley  abov< 
the  Buttes  are  botli  largely  public  domain,  and  there  is  no  reason  whj 
the  water  from  the  San  Carlos  reservoii-  should  not  l>e  used  for  irriga 
tion  piirp()S(\s  at  these  points,  as  well  as  below  Florences  This  beinj 
the  case,  there  will  be  but  a  slight  disadvantage  in  storing  water  at  Sai 
Carlos.  A  loss  of  />  ])ercent.  in  transmission  is  accepted  in  the  follow 
ing  table  an<l  ailded  to  the  amount  to  Ix^  liberated  from  the  reservoir 

KRtimaied  amount  of  water  available  from  Sati  Carlos  reservoir, 
[Cai)acity  of  roservoir  is  241.:Wt>  a<T«'-f«.«et;  1()(),00()  foet  assuiucnl  to  Ix*  in  reservoir  November  1. 


|1          1 

U^  ^ 

a  ^tj 

M(inth. 

«*i? 

r^^ 

c  SC       f       ■*-**: 

a.          o 

^ 

Novoml)er  ... 

Arrr-ft. 

1 

P>'rrt.'Acn-ft 

:i  '    4..h:& 

A.r^f> 

Deajmlx^r  — 

L*:,117 

•> 

4,J*»< 

Ml 

January  

:«.  745 

2 

4.f<2H 

241 

Februury 

:j4,(mw 

5 

1:2.071 

({<)4 

March 

21,  m 

m.rtw 

mTi 

April 

l«,4^J3 

9 

21.7^5 

him\ 

May 

7.:«7 

U 

33. 7a') 
:«.7»5 

l.til^i 

June  

July 

r>».i7o 

13 
13 

31.381 
31.:381 

l.WW 

AujruBt 

i.rjfi» 

September... 

47.:5(. 

11    ati,5r>4 

i.Jtw 

October  

Total. ....i 

74,80() 

8  1  10.312 

iMhi 

1 

looki.aw 

12,070 

■3J 

a*— 


^"3 

^  > 


5,0mi 

:r».  4?C) 
:ti.  jwi 
:fc2.!i:)0 

27.  .^2 
2i),  278 


ii.  4t: 

.;wi 
■»- 

1J» 
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i.Uti 

iAm 
.^  i;a» 

iAit'ii 

4.  aril 

6,7J4 


II 


II 
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Acre/i 

t.lTTt 
1,710 
2AM-J 

3,*i84 

4.:3> 

4,1113 
2,8ST 
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.4  ere-/* 

^.m 

tt.42S 

14.385 

2IK15S 
30,3(t9 

37. 010 
:i7, 070 


I- 


Aer«-fL 

i4«.g» 

177,1® 

1^,061 

188.  in» 

148.^ 
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There  is  still  an  jimoQiii  AvaiLiMe  for  inrigaifioii  below  the  Bati«is;« 
1  the  basis  of  the  above  table,  for  a  mean  year«  equal  eaeh  \var  to 
le  full  capacitv  of  the  San  Carlos  neeervoir,  of  i41,^S*^  aore-feel.  with 
minimnm  nsserve  in  reservoir  of  113,567  aere-feet.  and  i34,507  aeiv- 
?et  on  November  K  for  use  during  the  following  season.  The  dis- 
large  of  the  Gila  River  dtiring  1S1«1*  was  less  than  during  any  other 
ear  of  which  we  have  record.  The  following  table  demonstrates 
lat  f41.3r*»>  aere-feet  of  water  could  have  been  delivered  below  the 
nttes  from  San  Carlos  from  November  1,  1S?S,  to  iXMober  31,  lSi*l^, 
itb  a  minimum  reserve  in  the  reservoir  during  that  j^eriod  of  If ,f^>9 
?re-feei  and  i^^.CiJsS  aere-feet  in  ieser\'oir  with  which  to  Ivgin  the 
ason  of  lS9*.*-liMX»: 


^imatefi  amount  nf  trater  iiraUaN^  from  San  CaHos  nrawrroir  during  :S^~^, 
Bpacity  of  resaerroir. S*l.  3«  acre- feet:  U*\t«»  acre-feet  aasamed  to  Kp  in  reaerroir  Not e>uiber  I. 
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Basin  al>oye  irUia  Otrlos  for  month  of  OctolH>r. 


PROPOSED   DAM    AT   SAN   CARLOS. 

In  determining  the  height  of  dam  to  be  constructed  at  the  San  Carlos 
am  site  two  elements  are  to  be  considered.  First,  the  amount  of 
•ater  available;  second,  the  amount  of  expenditure  which  can  Ih» 
conomically  made.  From  a  study  of  the  water  su[>i)ly,  shown  on 
•age  29,  a  dam  130  feet  in  height,  storing  241,390  acrt»-feet,  is  just  itlcd. 
"he  year  of  lowest  run-off  of  which  we  have  a  record  is  1899.  The 
iischarge  of  the  river  for  this  year  at  San  Carlos  was  measured  until 
b  Ist  of  October,  and  a  monthly  discharge  for  October,  Noveml)er, 
tnd  December,  as  determined,  has  been  added  to  complete  tYi^  ^«cwt. 
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Thi*»  j^hows  a  surplus  for  the  year  lSf»9  afjove  the  capacity  of  the  reser- 
voir of  7^\H7U  acre-fe«rt.  The  mean  surplus  above  the  capacity  of  the 
re«ier\'oirat  San  Carlos  is  estimated  at  1S4\7S8  acre-feet.  The  maximum 
hf  i;?ht  of  the  central  portion  of  the  dam  above  the  bed  of  the  stream 
i.H  tak«'n  at  142  feet,  and  the  maximnm  depth  to  bed  rock  below  the 
««iirfarr«-  of  thf  stream  at  74  feet.  This  would  givi-  a  total  maximum 
height  of  the  ^-^ntral  portion  of  the  dam  from  b^  rock  at  '21^  f*H>t. 
An  in':rea.se  of  this  heigrht  is  c-onsidered  unnecessary  and  as  adding 
UHt  mii^rh  to  thp  exfiense  of  the  structure.  The  table  on  page»Ji*w 
U*1iev#fd  to  justify  a  dam  of  this  size. 

The  San  Carlos  reser\-oir  site  was  the  last  that  was  discovered  upon 
th^'  (fila  Kiver,  and  conse<^iuently  the  last  point  at  which  investigation 
for  }tfit\  nxrk  was  made.  After  the  completion  of  the  borings'at 
(itK^iii  Cn^'kj  the  Buttes,  and  Riverside,  the  drilling  outfit,  in  charge 
of  Mr.  Patrick  Tiemey,  was  sent  by  wagcm  from  Riverside  to  San 
inrUm.  This  arrived  at  San  Carlos  in  the  latter  part  of  June,  1S99, 
afi'J  work  was  imme^liately  begun  at  the  dam  site.  The  first  flood  on 
thfj  (iiia  Kiver  in  the  summer  of  1899  occurred  on  July  16  and  was 
ti\fifut  10/)<K>  culiic  feet  i>er  second  in  volume.  This  knoeketl  over 
the  rJriliing  apparatus.  It  was  restored  to  position,  and  frequent 
otiier  iiiternipting  flfKKls  occurred  at  intervals  of  two  or  three  dap 
diirint:  the  remaining  jwrtion  of  July.  The  funds  available  for  car- 
rying on  th#»  work  having  become  nearly  exhausted,  an<l  the  river 
continuing  its  flrKwl  discharges,  it  was  not  considered  practicable  t«» 
i'ontiniwe  the  investigaticm  for  bed  rock  during  the  present  season. 

Twr>  hol<'S  w«T<*  i»iit  down  approxim^itely  on  the  lower  too  of  the  dam. 
No.  1  wiis  .'J'J  fiM-t  to  the  right  of  l>ench  mark  Xo.  4,  which  is  located  on 
th*^  U*ft.  ;it»iitifn'nt,  and  Xo.  2  was  0«'»  foet  from  the  left  abutment  and 
jipproxirnnt.**Iy '5n  f«M*,t  from  the  right  abutment.  The  depth  to  l)ed 
rork  fit  hole  No.  1  was  '2'i  fec^t.  The  bed  rock  encountered  is  a  ven* 
t'liu'  i:n\'\ui',(\  and  flinty  limestone.  It  was  so  hard  that  only  2  feet  i' 
inches  a.  day  foiild  be  drilled  into  il  with  the  diamond  drills,  which  is 
jiboiit  ofie-l'oiirth  tin*  rat(Md'  ])rogress  in  onlinary  granite.  The  depth 
drilh'd  into  Ix'd  rock  at  tliis  point  was  12.5  f«.»et. 

Ilnh'  No.  2  <iet<irmined  the  depth  to  bed  rock  to  be  74  feet.  Gravel 
was  i-nrou lit ered  at  72  fcn^t.  Tlie  rock  at  this  hole  is  a  blue  lime- 
Hton*'  and  is  more  easily  drilled  than  the  rock  in  hole  Xo.  1.  The 
I  (it  ill  depth  In  th<'  lM>ttom  nl"  tliis  hoh*  was  SI. 82  feet,  the  depth  drilk^l 
ill! I)  \u'i\  vitrk  h«'ing  7.«2  leet.  A  tliird  hole  was  put  down  in  the  eeiit<  r 
of  Iho  b*'d  i}\'  Ihr  <ranyon  i'A)  feet  from  the  left  abutment  and  Hhi  fi^'t 
abov<»  lint*  No.  I.  A  2-in(di  pipe  was  driven  to  a  deptli  of  otJ  feet  an*l 
:.  inidM'H,  wh<*ri  it  wjis  found  to  t>e  bent  2  feet  from  the  bottom.  The 
|ii|i«*  wjiM  then  pulled  up  an<l  2^-incli  pipe  driven  to  a  depth  of  51  feet 
Ml  thi»  NJiiiM'  hoh».  No  further  jn-ogress  could  be  made  on  aeeouutof 
th<'  hi;:h  \vat<«r,  ami  this  hole  was  ^abandoned  and  all  work  stopped  oU 
July  :M,  IHIMJ. 
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rhe  iuf ormation  oonoeming  bed  rock  is  meager,  bat  it  is  considered 
JT  to  estimate  the  maximum  depth  of  bed  rock  at  74  feet.  The  bed- 
sk  itself  is  a  ver^-  close-grained  hard  limestone  and  all  that  could 
desired  for  foundation  purposes.  The  location  of  the  borings  at 
.n  Carlos  dam  site  is  shown  on  PI.  XX. 

MATERIAL  FOR   DAM. 

PI.  XXV,  B,  shows  a  view  of  the  left  abutment  of  the  dam.  The 
rata  dip  downstream.  It  would  be  better  if  the  dip  were  upstream, 
there  would  be  less  danger  of  leakage  beneath  the  foundation  of  the 
im.  The  limestone,  however,  is  exceedingly  dense,  not  easily  eroded, 
id,  as  will  be  seen  on  the  right-hand  side  of  the  illustration,  where 
slide  has  occurred,  the  rock  a  few  feet  beneath  the  surface  is  rela- 
rely  free  from  seams.  The  abutment  on  the  right  is  of  much  the 
me  nature  as  the  abutment  on  the  left. 

The  rock  for  the  construction  of  the  dam  will  be  obtained  near  the 
p  of  the  two  abutments.  It  will  be  excavated  in  such  manner  as  to 
rm  a  channel  for  the  flood  waters  to  discharge  over  the  two  weirs, 
lich  are  located  at  the  two  ends  of  the  dam.  Sufficient  rock  will  be 
ken  from  these  two  channels,  as  shown  by  the  plan,  PL  XX,  to 
lild  the  entire  structure,  and  this  will  be  enough  to  furnish  flood 
annels  for  the  maximum  flood  at  this  point,  which  is  estimated  to 
within  10  per  cent  of  the  maximum  flood  at  the  Buttes.  These 
arries  will  be  located  at  the  end  of  the  dam  and  practically  on  its 
is,  and  in  such  position  that  material  can  readily  be  handled  by 
tans  of  cable  for  construction  purposes.  The  haul  of  the  material 
11  be  on  a  down  grade,  and  the  average  distance  will  not  exceed 
)  feet.  This  is  considered  an  ideal  location  for  the  economic  use  of 
3les.  The  quarry  rock  has  a  specific  gravity  of  2.7,  or  a  weight  of 
}  pounds  per  cubic  foot. 

}n  the  left  abutment  it  is  an  exceedingly  fine-grained  pink  lime- 
ne,  much  resembling  flint,  but  showing,  by  analysis,  percentages 
follows:  55.92  carbonate  of  lime,  31  carbonate  of  magnesia,  3.70 
!ea,  6  alumina  and  ferric  oxide,  and  1  moisture.  The  gray  lime- 
ne  from  the  right  abutment  contains  96.65  carbonate  of  lime,  1.40 
ica,  1.30  alumina  and  ferric  oxide,  0.65  moisture.  From  an  engi- 
3ring  standjyoint  it  has  the  appearance  of  being  a  first-class  build- 
^rock. 

The  sand  required  for  the  construction  of  the  dam  could  be  obtained 
the  canyon  within  a  few  hundred  feet  of  the  dam  site.  It  is  a 
3d  building  sand,  but  would  have  to  be  washed  before  its  use  with 
ment.  Gravel  in  varying  sizes  is  found  in  connection  witli  the 
ad  and  could  be  separated  from  it  by  screening.  The  quartzite  that 
mid  be  used  at  San  Carlos  is  found  in  large  ledges  within  1,000  feet 
the  dam  site.     Mr.  Duryee's  report  on  cement  is  given  on  page  82. 
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DETAILS  OF  DAM. 

The  dam  selected  for  this  site  is  shown  in  plan  on  PL  XX,  in  section 
on  PI.  XXII.  The  details  are  shown  on  Pis.  XXI-XXVI.  It  is  pro- 
posed to  construct  it  of  large  irregular  blocks  of  stone,  bedded  in 
concrete.  The  maximum  height  of  this  structure  from  deepest  bed 
rock  to  the  top'of  the  central  portion  of  the  dam  is  216  feet,  and  the 
maximum  length  is  617  feet.  The  total  number  of  cubic  yards  con- 
tained in  the  dam,  weir,  and  towers  is  94,730.  In  order  to  avoid  the 
erosion  and  shock  which  would  result  from  a  large  flood  passing  over 
the  central  portion  of  the  dam  and  falling  142  feet  on  it«  base,  the 
middle  part  of  the  dam,  for  a  length  of  236  feet,  has  been  planned  to 
an  elevation  of  12.5  feet  above  the  elevation  of  the  wasteways  on  the 
sides.  The  section  of  the  central  portion  of  the  dam  (PL  XXII)  shows 
the  line  of  pressure  at  B  with  10  feet  of  water  in  depth  passing  over 
the  crest,  and  also  at  A  the  line  of  pressure  with  an  empty  reseryoir. 
Both  these  lines,  for  every  portion  of  the  dam,  lie  within  the  middle 
third,  resulting  in  a  safe  gravity  structure.  The  maximum  pressure 
on  the  upper  toe  is  12  tons  per  square  foot  and  on  the  lower  toe  12J 
tons  per  square  foot.  The  weight  of  the  masonry  is  assumed  to  be 
150  pounds  per  cubic  foot. 

In  addition  to  its  strength  as  a  gravity  dam  it  is  given  an  arched 
form.  Expansion  and  contraction  in  a  curved  dam  are  more  easily 
adjusted  than  in  a  straight  dam.  The  spillway  on  the  right  bank 
(PI.  XXIII,  A)  would  l^  237  feet  in  length,  and  on  the  left  abutment 
128  feet  in  len^b.  With  3  feet  of  wat^r  passing  over  the  central 
portion  of  the  dam  and  a  corresponding  depth  of  15.5  feet  discharged 
throuji:h  the  spillways  over  tlie  two  end  weirs,  the  total  discharge  past 
the  structure,  exclusive  of  discharge  through  outlets,  as  estimated  bj 
T.  C-.  Clarke's  formula,  is  83,020  cubic  feet  per  second.  This  is  con- 
sidered as  the  maximum  flood  discharge  of  the  Gila  River  at  this 
point.  It  is  fair  to  assume  that  the  reservoir  will  not  be  wholly  full  at 
tlie  time  such  a  maximum  flood  would  occur,  and  that  the  capacity  oi 
the  reservoir  will  tend  to  relieve  this  flood  discharge. 

Two  training  walls  have  teen  planned  from  the  ends  of  the  central 
portion  of  the  dam  to  protect  its  toe  from  the  erosion  of  Avater  passing 
over  the  spillways.  This  water  will  be  discharged  into  the  canyon 
below  the  lower  toe  of  the  dam  in  such  manner  as  to  project  the  over- 
flow down  the  canyon  away  from  the  dam.  The  section  of  the  waste- 
way  weirs  proposed  for  the  two  spillways  is  shown  in  PI.  XXIII,  A- 
These  weirs  are  to  l)e  built  upon  the  sloping  ledge  rocks,  and  will  have 
a  slope  on  their  lower  face  of  .'3  feet  horizontally  and  2  feet  vertically- 
They  A\ill  be  of  an  exceedingly  substantial  nature,  the  surface  lieing 
protected  bj'  from  2  to  3  feet  of  extra  strong  concrete.  The  water  in 
passing  over  them  will  never  leave  the  face,  and  consequently  there 
will  be  no  pounding  action. 
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rhe  outlet  from  the  dam  will  be  through  two  towers  located  near 
?  right  abutment.  These  towers  will  be  semicircular,  a  portion  of 
i  opening  being  recessed  into  the  dam,  as  shown  by  the  details  (PL 
Un,  B),  A  series  of  intakes  will  be  placed  in  this  tower  at  varying 
ivations,  the  valve  (PI.  XXVI,  A)  consisting  of  a  plain  cap  or  cover, 
shown  in  the  detail,  which  will  be  lifted  by  an  ordinary  wheel  and 
•ew.  The  intakes  will  be  pipes  3  feet  in  diameter,  and  thei-e  will  be 
:  in  each  tower  (PI.  XXVI,  J5).  As  the  water  should  be  drawn  from 
ar  the  surface  of  the  reservoir  at  all  times  there  will  be  very  slight 
jssure  to  be  overcome  in  lifting  these  valves,  and  this  may  be  over- 
ne  by  closing  the  balanced. valves  inside  the  tower,  allowing  the 
ter  to  fill  with  water  through  small  by-pass  valves,  after  which  the 
assure  on  the  outer  intake  valves  will  be  relieved.  In  case  any  one 
the  valves  should  become  stuck,  the  water  could  be  drawn  into  the 
^rer  from  other  valves,  and  when  the  general  water  plane  fell  below 
)  elevation  of  the  injured  valve  it  could  then  be  repaired.  A  second 
-  of  valves  is  to  be  located  near  the  base  of  the  tower.  These  valves 
U  permit  the  water  to  discharge  through  two  cast-iron  pipes  which 
[1  pass  through  the  dam  and  which  are  to  be  4  feet  each  in  diameter, 
will  be  possible  to  discharge  water  through  four  of  these  pipes, 
0  being  located  in  each  tower,  as  shown  in  the  elevation  of  the  dam. 
le  discharge  through  these  pipes  will  vary  with  the  depth  of  water 
the  tower. 

As  the  valves  for  the  discharge  pix>es  may  have  to  be  operated 
der  a  considerable  head  of  pressure,  a  balance  valve  has  been 
eided  upon  as  preferable.  This  valve  is  shown  on  PI.  XXIJI,  B. 
le  action  of  this  balance  valve  is  in  the  nature  of  a  double  piston  head, 
lich  is  driven  by  a  screw  gear  from  above.  One  of  these  valves,  or 
jton  heads,  is  seated  on  each  side  of  the  valve  box.  They  are  equal 
area,  consequently  the  downward  pressure  on  the  upper  valve  is 
lanced  ]>y  the  upward  pressure  on  the  lower  valve.  When  the 
Ive  is  wide  open  one  of  these  piston  heads  will  be  2^  feet  below  its 
It,  and  the  upper  piston  head  will  be  in  the  center  of  the  boxing. 
le  water  will  therefore  e^ter  through  both  openings  and  discharge 
rough  the  main  pipe. 

rhe  towers  were  considered  necessary  in  order  to  prevent  the 
posit  of  silt  around  the  valves,  or  their  clogging  ^ith  drift.'  In 
se  the  inner  valves  become  out  of  order  the  outer  valves  can  be 
«ed  and  the  inner  valves  then  repaired.  Two  towers  have  been 
signed,  so  that  one  complete  set  of  valves  can  get  out  of  order  and 
e  second  set  be  used  during  the  repair  of  the  first.  A  bridge  from 
ch  abutment  to  the  towers  has  been  planned,  so  that  the  dam  may 
crossed  and  all  points  on  the  top  of  the  dam  visited,  even  during 
eiximum  floods.  Alternate  designs  for  this  crossing  are  shown  on 
e  elevation  of  dam  and  wasteways,  one  for  an  iron  bridge  and  the 
her  for  a  combination  iron  and  concrete  span. 
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The  safety  of  this  structure,  considering  tlie  remarkably  hanl  bed  i 
rock  on  which  it  is  to  rest,  the  fine  character  of  the  building  stone 
that  may  be  used,  the  lieavy  gravity  section  of  the  dam  and  the  wein 
that  have  been  planned,  the  solidity  of  the  abutments  and  the  nar- 
i-owness  of  the  canyon,  would  be  beyond  question. 

At  a  point  180  feet  above  the  upper  face  of  the  dam,  marked  "B.M. 
No.  1 "  on  the  plan  (PL  XX),  the  canyon  is  but  88  feet  in  width 
between  the  abutment  walls.  This  is  api>arently  an  ideal  place  to  put 
down  sheet  piling  to  bed  rock  to  intercept  the  underflow.  Thesazfkce 
flow  of  t>he  stream  would  then  be  diverted  in  a  flume  to  a  i>oint  bdow 
the  dam.  It  is  believed  that  the  sand  and  gravel  of  the  river  bed 
could  be  solidifled  by  injecting  cement  grouting  through  pipes  into 
the  voids  of  the  sand  between  the  sheet  piling  and  the  foondiition 
excavation.  This  could  be  injected  at  various  points  and  elevations 
and  the  mass  suflicieutly  solidified  to  admit  of  the  excavation  to  bed 
rock  at  the  site  of  the  dam. 

.CAPACITY  AND  COST. 

The  c^ipacity  of  the  San  C-arlos  reservoir  with  the  height  of  dam 
proposed  is  the  greatest  of  any  of  the  reservoir  sites  that  were  fonnd 
on  the  Gila  River  by  this  survey.  The  elevation  of  the  bed  of  the 
canyon  at  the  dam  site  is  assumed  by  the  surveys  as  100  feet  and  is 
equivalent  to  a  sea  elevation  of  2,307  feet,  as  determined  from  the  San 
C'arlos  railroad  station.  A  Un  itijd  States  (xeological  Survey  brass 
bencli-mark  tablet  has  been  placed  at  the  dam  site.  The  capacity  of 
the  San  Carlos  reservoir  site  is  shown  in  the  following  table: 


(UtjMiciti/  (pf  San  Carlos  reseri^ir  site. 
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WATER-SUPPLY    PAPER    NO.    33 


A    SAN   CARLOS  DAM  SITE,   LOOKING  DOWNSTREAM 


Ji    LEFT  ABUTMENT  OF  SAN  CARLOS  DAM  SITE. 
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A.  INLET  VALVE  FOR  SAN  CARLOS  0AM. 
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B.  HORIZONTAL  SECTION  OF  MAIN  TOWER  OF  SAN  CARLOS  DAM.  SHOWING 
ARRANGEMENT  OF  VALVES. 
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Fhe  area  that  will  be  flooded  by  the  constmetion  of  a  dam  at  the 
arrows  will  be  on  the  Apache  Indian  Reservation.  The  question  of 
;ht  of  way  would  be  the  obtaining  of  the  use  of  these  reservation 
ids.  A  plane-table  survey  of  the  reservoir  site  was  made  by  Mr. 
Tus  C.  Babb,  on  a  scale  of  2^  inches  to  the  mile  and  with  a  contour 
»rval  of  10  feet.  From  this  survey  it  was  found  that  587  acres  of 
ids  that  have  been  irrigated  and  farmed  by  the  Indians  would  be 
oded;  that  of  the  remaining  area,  4,405  acres  are  irrigable,  the 
nainder,  3,360  acres,  being  nonirrigable.  No  improvements  have 
en  made  by  the  Indians  other  than  the  building  of  brush  fences 
d  houses.  The  Apache  Indian  is  of  a  roving  nature  and  does  not 
:e  to  live  for  a  long  period  of  time  upon  one  spot.  It  is  said  that 
len  a  death  occurs  in  a  family  the  house  is  abandoned  and  a  new 
:»tiou  is  selected. 

In  order  to  provide  for  the  damage  which  would  be  done  to  these 
dian  farms,  the  estimate  includes  $20,000  for  the  construction  of  a 
w  irrigation  system  for  the  Indians  above  the  reservoir  site.  There 
as  much  water  available  from  the  Gila  River  at  points  between  San 
irlos  and  (xeronimo  as  near  the  agency.  Lands  in  that  locality  are 
loecupied,  are  of  equal  fertility,  could  be  irrigated  with  equal  ease, 
id  are  on  the  reservation.  If,  therefore,  a  substantial  irrigation 
stem  should  be  built  for  these  Indians  higher  up  on  the  river,  and 
is  should  be  given  to  them  in  lieu  of  their  primitive  and  deficient 
stems  that  now  exist,  it  is  considered  that  the  treatment  would  be 
ir. 

When  the  Gila  Valley,  Globe  and  Northern  Railway  built  through 
e  reservation  they  paid  the  Indians  at  the  rate  of  $40  an  acre  for 
e  irrigated  lands  that  were  .used  for  right  of  way  and  in  addition 
kve  the  tribe  in  general  $8,000.  These  Indians  are  industrious  and 
ixious  to  work  for  wages  whenever  opportunity  is  offered.  They 
lilt  the  greater  portion  of  the  railroad  through  their  agency.  The 
)rk  on  the  dam  would  extend  over  a  period  of  two  years  or  more, 
id  the  Indians  may  be  given  much  employment  in  connection  with 
is  construction.  It  has  been  found  in  Mexico  that  as  the  water  is 
n  off  from  a  reservoir  crops  may  be  raised  upon  the  uncovered 
ads,  which  have  been  completely  saturated  by  the  retiring  water, 
lese  lands  are  found  to  be  most  productive.  The  Indians  of  San 
irlos  would  have  the  opportunity  of  raising  crops  upon  marginal 
ads  and  would  doubtless  avail  themselves  of  this  opportunity. 
The  agency  grounds  and  military  x)ost  were  surveyed  in  detail  on  a 
ale  of  200  feet  to  the  inch,  with  5-foot  contours.  The  essential  fea- 
res  of  this  map  have  been  reproduced  on  PL  XXVIII. 
While  the  elevation  of  the  spillway  at  the  dam  is  130  feet  above  the 
d  of  the  stream,  the  flood  line  of  the  reservoir  must  be  considered 
being  at  the  maximum  elevation  of  the  water  passing  over  the  weirs, 
approximately  145  feet  above  the  bed  of  the  stream,  or  245  t%^t 
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above  the  datum  of  the  contour  surveys.  This  contour,  nI 
would  not  include  all  the  buildings  of  the  military  post  andj 
Indian  agency,  would  cover  so  great  a  xx>rtion  of  the  groundsJUj 
remainder  would  be  practically  useless.  ij 

The  agency  and  the  post  are  both  exceedingly  dilapidated  4| 
It  has  been  proposed  that  the  entire  agency  be  moved  to| 
desirable  location  about  8  miles  above,  on  the  San  Carlos^ 
where,  in  fact,  the  greater  number  of  the  Indians  are  loea9| 
handsome  new  school  building,  which  has  been  provided  for  im 
appropriations,  will  not  be  located  at  the  old  agency,  but  at  till 
higher  up  on  the  San  Carlos.  There  is  a  stone  school  buildings 
house,  and  blacksmith  shop  at  the  agency.  The  officer's  quart 
adobe,  the  post  trader's  building  is  a  frame  structure,  and  tiM 
twenty  frame  barracks.  The  quartermaster's  department  is  a 
of  sheds,  and  the  remaining  buildings  are  either  adobe  or  of 
lumber.  They  are  all  one-story  structures  except  the  school 
and  are  of  a  very  ordinary  type.  There  is  a  military  ice  and 
ing  plant  and  an  agency  flour  mill,  which  would  be  flooded  ' 
reservoir. 

After  a  careful  consideration  of  all  the  buildings,  and  a  ditc 
of  the  situation  on  the  ground  with  officers  in  charge  and 
familiar  with  the  value  of  the  proi)erty,  a  total  price  of  WO 
considered  as  sufficient  to  provide  for  all  damages  done.  Th 
has  been  included  in  the  estimate.  In  view  of  the  probable  i 
of  the  agency  to  another  location  and  the  possible  abandonn 
the  military  post,  and  considering  the  general  state  of  dilapi 
which  prevails,  this  figure  of  160,000  for  the  building  of  a  ne 
is  considered  as  liberal. 

As  will  be  seen  by  reference  to  the  map  of  the  San  Carlos  re 
site,  the  Gila  Valley,  Globe  and  Northern  Railway  enters  the  re 
basin  near  its  head,  on  the  Gila  River,  and  passes  up  the  vallej 
San  Carlos  River,  a  total  distance  of  5.75  miles  in  the  reservo 
This  railroad  was  built  in  the  fall  of  1898.  A  better  location  : 
road,  away  from  the  river,  was  recommended  by  the  locatini 
neer.  It  provided  for  the  crossing  of  the  neck  of  land  betwe 
Gila  and  the  San  Carlos.  The  location  of  this  line  is  indicated 
topography  on  the  reservoir  map  (PI.  XXVII).  The  railroad  a 
changed  from  its  present  location,  beginning  at  a  point  2  miles 
the  Gila  River  bridge  and  crossing  the  Gila  at  that  point,  passii 
a  divide  on  the  point  of  land  mentioned  above  at  an  elevation 
tlian  200  feet  above  the  bed  of  the  stream,  crossing  the  San  C 
miles  above  the  San  Carlos  station,  and  joining  the  present  line 
last-named  point.  The  length  of  new  construction  would  be  6 
The  roadway  would  cost  about  18,000  per  mile,  or  a  t/otal  of  t 
The  material  for  the  roadbed  would  cost,  approximately,  $4,C 
mile,  but  could  be  moved  from  the  old  location.     There  wouL 


►  ^ 


i. 


! 


u 


-At' 


-y5 


t1 


•••I 


i 


iCOtOOKAL  tURVCV 


WATCI»-«UP#I.V  MKR  MX  W     K.  ] 


lONTOUR  MAP  OF  THE  GROUNDS  OF  THE  SAN  CARLOS  INDIAN  AGENCY  AND 
MILITARY  POST.  SHOWING  LOCATION  OF  BUILDINGS. 

m\;  building  of  adob«  and  military  tank  above  it.  B,  adobe  building*  occupied  by  the  officers.  C,  frame 
gs  ufted  as  barracks.  D.  adobe  buildings  used  as  stables.  E,  school  grounds;  buildings  mainly  of  adobe, 
t  or  wigwams  used  by  the  Indian  police.  O,  guardhouse.  H,  trader's  store.  /,  stone  warehouses.  «/,  offices 
United  States  Indian  agency ;  built  of  adobe.    K,  shops  and  stables  built  of  stone. 
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ing  of  4  miles  in  distance  in  the  new  line  over  the  old,  which  should 
ipensate  for  the  moving.  There  woold  be  two  bridges  to  move,  at 
approximate  cost  of  tlO,000. 

'he  Gila  bridge  contains  thirty-three  16-foOt  bents  and  three  small 
ns.  The  San  Carlos  bridge  has  thirty-four  16-foot  bents.  The  total 
t  of  moving  this  railroad  has  been  estimated  at  $50,000.  As  all  the 
terial  for  the  construction  of  the  dam  that  will  be  shipped  to  San 
rlos  will  have  to  pass  over  this  railroad,  including  about  25,000 
Tels  of  cement,  and  as  the  railroad  will  be  shortened  5  miles  without 
^  serious  additional  grade  and  removed  from  a  valley  of  two  torrential 
earns,  it  would  seem  that  this  change  of  location  might  be  readily 
anged.  The  reason  the  railroad  was  placed  in  its  present  location 
8  to  enable  it  to  reach  the  post  and  agency  and  secure  that  trade, 
ith  the  agency  removed,  there  would  no  longer  be  the  occasion  for 
present  location. 

Estimate,  San  Carlos  dam, 

bble  masonry,  laid  in  concrete,  94,780  cabic  yards,  at  |6  . .  $568, 880. 00 

Note.— With  sand  cement,  at  $4.68  per  barrel,  or  $4.28  per 
cubic  yard.  (See  Daryee's  report.)  This  figure  is  based  on  half 
of  the  mass  being  large  rock  and  half  concrete. 

;ayation  foundation,  pmnpiug,  etc 150,000.00 

imicircnlar  tower,  of  concrete,  18,682  cubic  feet,  at  50  cents 6, 816. 00 

wer ,  same  diameter  Inside,  60  f^et  high,  4,288  cnbic  feet,  at  50  cents.  2, 119. 00 
ower  hoases,  including  the  semicircular  base  of  concrete,  at 

750  each 1,500.00 

nlets  for  towers,  at  $500  each 6,000.00 

ilance  valves,  at  $1,000  each 2,000.00 

ilanoe  valves,  at  $750  each 1,500.00 

linearfeetof  footbridge,  at  $10 6,100.00 

iles  of  railway,  moved,  at  $10,000  per  mile 50,000.00 

TT  irrigation  system  above  the  Indian  agency 20, 000. 00 

nage  to  agency  and  post  buildings 60, 000. 00 

?  water  diversion  tunnel 10,000.00 

oden  crib  diversion  dam  at  head  of  irrigation  canal .  20, 000. 00 

908,415.00 

itingencies,  10  per  cent 90,841.00 

pneering,  5  per  cent 45,170.00 


Total. 1,038,926.00 

otal  number  of  acre-feet  stored  is  241,396,  at  a  rate  of  $4.30  per  acre-foot. 

GUrnRlE  RESERVOIR. 

"he  Guthrie  reservoir  site  is  situated  in  Graham  County,  Arizona, 
)ut  30  miles  northeast  of  the  town  of  Solomonville,  on  the  Gila 
r'er.  The  dam  site  shown  on  PI.  XXX  is  about  1  mile  above  the 
ronado  Ranch  House,  in  what  is  known  as  York  Canyon.  This 
ipproximately  4  miles  above  Guthrie  and  13  miles  l>elow  Duncan. 
e  canyon  is  about  2,000  feet  long,  opening  both  above  and  below  into 
»ad  valleys.    The  survey  was  made  for  a  140-foot  dam,  aA  ^  wqAax'c^ 
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iBpilhrByoeears  one-half  mile  east  of  the  dam  site,  the  lowest  elevation 
of  which  is  1  ^>  feet.  The  main  wagon  road  throa|di  the  ralley  passes 
directly  through  this  spillway.  The  opening  Yaries  from  300  to  300 
feet  in  the  bed  of  the  canyon  and  from  800  to  900  feet  in  width  at  an 
elevation  of  140  feet  above  the  stream.  The  cliffs  of  the  canyon  are 
composed  of  volcanic  rock,  and  qtiarries  coold  be  located  at  an  eleva- 
tion above  the  dam  site.  No  borings  for  bed  rock  have  been  made  at 
this  point,  because  of  the  la^k  of  funds,  and  also  on  account  of  its 
remoteness  from  other  jiortions  of  the  work.  The  walls  of  the  canyon 
indicate  varying  conditions  of  lava  flow.  They  are  shattered,  and  in 
some  instances  there  are  strata  of  hard  rock  overlying  cobbles  and 
clay.  It  is  not  probable  that  the  rock  could  be  quarried  in  grest 
quantities  or  in  blocks,  and  it  would  be  difficult  to  get  good  abutments. 
It  has  been  exceedingly  contorted  and  crushed  at  an  elevation  of  about 
40  feet  above  the  bed  of  the  river. 

The  sur\'ey  of  the  reservoir  site  was  made  by  Mr.  Cyrus  C.  Babb, 
hydrographer,on  a  scale  of  1  mile  to  2^  inches  (PI.  XXIX).     The  140- 
foot  contour  runs  with  in  three-quarters  of  a  mile  of  the  town  of  Duncan. 
It  is  probable  that  the  type  of  dam  which  would  be  constructed  at  this 
point,  if  one  should  be  built,  would  be  of  a  rock-flll  type  or  possibly 
of  earth.    The  basin  of  the  reservoir  contains  no  irrigated  agrical- 
tural  land,  but  it  would  appear  to  be  possible  to  irrigate  a  portion  of 
this  valley.     The  New  Mexico  and  Arizona  Railroad,  which  is  a  nar- 
row-gage road  running  to  Morenci,  Arizona,  passes  through  the  entire 
length  of  this  reservoir  site  and  through  the  dam  site.     The  side  oi 
th(i  n.*s**r\'oir  site  on  which  the  railroad  would  have  to  be  built  i- 
rougli,  and  the  cost  of  construction  would  be  at  least  820,000  j>er  raile- 
Tlire<*  large  tributaries  of  the  Gila — the  San  Carlos,  the  Gila  Bonit^i 
and  tlif  San  Francisco — join  the  river  below  this  point,  so  that  th^ 
water  supply  would  l>e  considerably  reduced.     It  was  not  necessar> 
to  prepare  estimates  on  this  dam  site,  but  owing  to  its  probable  f  utur^ 
value  for  irrij^ation  purposes  near  Solomon ville  and  Florence,  it  i  = 
re<jommonde<l  that  the  site  be  reserved  for  irrigation  purposes.     Th^ 
<?apacitic*s  of  this  reservoir,  with  varying  intervals,  above  the  bed  oi 
the  streams  at  the  dam  site  are  given  in  the  following  t^ble: 


Table  of  capacities,  Quthrie  reservoir. 
[('ap«citie«  calculated  by  averaging  each  two  sections  and  multiplying  by  10.] 
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CONTOUR  MAP  OF  GUTHRIE  DAM  SITE. 
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QUEEN  CREEK  RESERVOIR. 

Queen  Creek  rises  in  the  mountainR  to  the  westward  of  the  Silver 
King  mining  camp,  in  Pinal  County,  ^Arizona,  and  flows  in  a  general 
southwesterly  direction,  leaving  the  mountains  below  a  point  known 
as  Whitlow's  ranch,  approximately  18  miles  north  of  the  Buttes.  In 
ordinary  years  it  loses  itself  in  the  desert  north  of  the  Gila  River 
Indian  Reservation.  The  reservoir  site  was  surveyed  with  a  plane 
table  to  a  height  of  140  feet  above  the  bed  of  the  stream  at  the  dam 
site  and  contoured  in  10-foot  intervals  (PL  XXXI).  The  following 
table  gives  the  capacity  of  this  reservoir  with  varying  heights  of  dam: 

Area  and  capacity  of  Queen  Creek  reservoir. 
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i 

A  dam  of  the  rock-flU  type  was  estimated  upon  in  1895  to  cost 
•221,000.     The  total  area  of  the  drainage  is  142.5  square  miles. 

Observations  on  the  discharge  of  Queen  Creek  were  commenced  in 
1895,  at  the  time  of  the  first  investigation  for  a  water  supply  for  the 
^ila  River  Indian  Reservation.  A  gage  rod  was  then  placed  and  a 
gaging  station  established  at  Whitlow's  ranch,  at  the  dam  site  of  the 
Queen  Creek  reservoir  site.  During  the  year  1896  an  observer  was 
employed  and  located  at  this  station.  At  the  time  of  the  establish- 
ment of  the  station  there  was  a  slight  permanent  flow,  averaging 
about  2  second-feet,  which  next  year  failed.  The  principal  water 
supply  of  this  creek  consists  of  floods  of  one  or  two  days'  duration, 
occurring  immediately  after  a  rainfall  in  the  basin.  On  this  account, 
lu  order  to  obtain  an  accurate  determination  of  the  discharge,  an 
observer  has  to  be  constantly  located  at  the  station  to  measure  the 
discharge  and  to  record  its  duration  of  flow.  Such  a  system  was 
employed  during  1896  and  until  April,  1897. 

The  monthly  discharge  at  this  station  for  1896  is  published  in  the 
Eighteenth  Annual  Report  of  the  United  States  Geological  Survey, 
^art  IV,  page  295.  The  total  discharge  for  the  year  was  10,887  acre- 
^eet.  The  daily  observations  for  1897  are  published  in  the  Nineteenth 
Annual  Report,  Part  IV,  page  417.  The  floods  were  measured  as  they 
Occurred,  and  it  is  assumed  that  they  lasted  twelve  hours  each.  On 
this  basis  the  total  discharge  to  April  6,  1897,  was  8,020  acre-feet. 

The  total  discharge  for  the  year  has  been  estimated  in  the  following 
banner,  and  is  only  roughly  approximate.  A  rainfall  record  has  been 
kept  at  Pinal  ranch,  within  the  drainage  area,  from  1895  to  \S\^  ^t^^ 
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ent  date,  tnclusiva.  The  total  precipitation  for  1897  was  23.23  inches. 
For  the  period  from  January  to  March,  inclusive,  during  the  time  in 
which  measurements  of  discharge  on  the  creek  were  made,  the  pre- 
cipitation was  14.21  inches.  A  proportion  was,  therefore,  made — 14.21 
is  to  23.23  as  8,020  is  to  total  discharge  for  the  year.  Working  out 
this  proportion  gives  a  total  discharge  of  13,110  acre-feet. 

An  observer  was  employed  at  this  station  for  July,  August,  and 
September,  1898.  He  recorded  the  heights  of  floods  on  the  gage  rod 
as  they  occurred.  From  this  record,  in  connection  with  the  cross 
sections  which  were  measured,  an  estimate  of  the  discharge  of  the 
creek  was  made.  These  observations  are  reported  in  Water-Supply 
and  Irrigation  Paper  No.  28  of  the  United  States  Geological  Survey, 
page  132.  The  discharge  for  these  three  months  has  been  computed 
as  5,140  acre-feet,  including  the  one  flood  occurring  in  December  of 
that  year.  The  creek  was  reported  dry  from  the  1st  of  March  until 
the  time  the  observer  assumed  his  duties,  and  from  September  to  the 
measured  flood,  December  18.  One  flood  occurred,  however,  in  Jan- 
uary or  February,  1898,  of  which  no  record  was  kept,  but  the  quan- 
tity was  not  notably  large.  It  is  reported  by  people  located  in  the 
basin  that  the  year  1898  was  characterized  by  an  exceedingly  small 
flow  of  the  creek.  The  total  discharge  for  the  year  is  assumed  as 
6,000  acre-feet.     It  is  probable  this  amount  was  not  exceeded. 

The  old  gaging  station  was  reestablished  in  December,  1898,  and  aa^ 
observer  employed  to  record  any  floods  occurring.  Meter  measure- 
ments were  not  made,  but  gage  records  were  taken  on  both  the  origi- 
nal gage  and  a  slope  gage  placed  431  feet  above  and  referred  to  the 
same  datum.  Cross  sections  of  each  flood  were  measured.  From  this 
data  the  discharges  of  the  creek  were  computed  by  means  of  the 
K utter  formula.  From  these  computations  for  the  period  from  Janu- 
ary 1  U)  August  11,  1899,  the  discharge  is  found  to  be  12,527  acre-feet. 

Summary,  total  annual  discharge  of  Queen  Creek  at  Whitlow's  ranch,  Arizona. 


As  it  has  been  shown  that  10,875  acres,  requiring  20,000  acre-feet  of 
water,  are  needed  at  once  for  the  Indians  who  are  on  or  near  the  Gila 
River  Indian  Reservation,  and  as  an  ultimate  consumption  of  40,0(X) 
acre-feet  is  estimated  as  a  possible  future  need  and  this  amount 
accepted  as  the  basis  of  this  report,  it  is  obvious  that  Queeu  Creek  is 
not  able  to  supply  the  full  demand,  either  present  or  prospective. 
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QUEEN  CREEK   RESERVOIR. 
BED  ROCK  AT  DAM  SITE. 
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A  diamond  core  drilling  outfit  was  sent  to  Queen  Creek  on  April 
17,  IS99,  and  the  work  was  completed  on  May  20y  1899.  It  ¥ra8  found 
difficult  to  drive  the  pipe  at  this  point,  owing  to  the  presence  of  numer- 
ous bowlders  in  the  covering  of  the  bed  rock.  The  pipe  was  frequently 
bent  and  it  was  often  found  necessary  to  place  dynamite  in  the  hole, 
laise  the  pipe  a  few  feet,  and  explode  the  powder  before  the  pipe  could 
be  driven  to  bed  rock.  There  were  11  holes  put  down,  their  relative 
location  being  shown  on  PL  XXXII,  A,  The  elevations  at  each  of 
these  is  given  in  the  list  below.  At  a  point  on  the  figure  marked 
*'6age"  is  the  upper  gage  rod,  its  zero  being  at  an  elevation  of  2,Oil.7 
ftet.  At  the  point  near  this,  marked  **Iron,"  is  the  northwesterly 
iron  gad,  put  at  an  elevation  of  2,049.9  feet.  Opposite  this  is  the 
northeastern  iron  gad,  at  an  elevation  of  2,060.6  feet.  At  the  point 
marked  *'  B.  M."  is  one  of  the  bronze  tablets  of  the  Geolc^cal  Survey, 
placed  at  an  elevation  of  2,055. 1  feet. 


Borings  at  Queen  Creek. 


Depth 

Hole. 

Snrfaoe 

Bed-rock 

Depth. 

bored 

eleTBtkm. 

ielevmtkm. 

into 

1 

F^et, 

rock. 
Ftft 

Feet 

Ftet. 

1 

2,060.0 

2,oiao 

37.0 

7.5 

2 

2,061.4 

2,017.4 

34.0 

&0 

3 

2.063.4 

f     2.027.4 

29.0 

6.0 

4 

2.060.6 

<      2,018.6 

33.0 

4.0 

5 

2,040.7 

2,(K1.4 

28.3 

6.2 

8 

2.060.5 

1     2.011.0 

89.5 

4.2 

7 

2.019.5 

2,017.6 

82.5 

7.0 

8 

2.060.2 

2,015.2 

86.0 

7.0 

9 

2.060.5 

2.082.3 

28.3 

ao 

10 

2,060.2 

,     2,007.7 

42.5 

1.5 

11 

2.047.8 

2,083.8 

23.5 

5.5 

There  is  a  United  States  Geological  Snrvey  bronze  bench-mark  ta]t>let  on  the 
left  bank,  in  line  with  the  upper  row  of  holes,  set  in  the  rock  about  5  feet  above 
bed  of  stream.    Elevation,  2,055.7  feet. 

The  bed  rock  was  found  to  be  a  uniform,  heavy,  volcanic  product, 
having  a  specific  gravity  of  2.49,  or  a  weight  of  155.5  pounds  per  cubic 
foot.  Its  strength  to  resist  crushing  was  greater  than  the  capacity  of 
the  testing  machine.  A  core  three-fourths  of  an  inch  in  diameter 
would  not  crush  under  a  pressure  of  1  ton.  Further  description  of 
the  Queen  Creek  dam  and  reservoir  site  may  l>e  found  between  pages 
43  and  52  of  the  report  on  the  irrigation  investigation  for  the  benefit 
of  the  Pimas  and  other  Indians  on  the  Gila  River  Indian  Reservation, 
Arizona,  by  Mr.  Arthur  P.  Davis,  hydrographer,  in  Senate  Document 
No.  27,  Fifty-fourth  Congress,  second  session. 
IBK33 8 
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CEM£NT. 

By  Edward  Dctktkb. 

Investigations  were  made  ander  instructions  from  Mr.  J.  B.  Lippin- 
cott,  in  order  to  ascertain  means  of  lessening  the  cost  of  PortUnd 
cement  in  the  construction  of  dams  on  the  Gila  River  in  Arizona. 
Owing  to  the  remoteness  of  these  proposed  dams  from  lines  of  trans- 
I>ortation,  the  expense  of  bringing  cement  to  the  sites  makes  a  notable 
addition  to  the  cost  over  construction  elsewhere,  and  it  is  therefore 
of  great  importance  to  reduce  the  quantity  of  cement  to  the  smallest 
allowable  amount. 

Portland  cement  is  considered  an  essential  element  in  the  constnic- 
tion  of  dams  subject  to  severe  and  sudden  strains  due  to  floods.  It  is 
valuable  not  only  in  giving  great  strength  and  homogeneity  to  the 
structure,  but  also  because  of  the  fact  that  exposure  to  moisture, 
which  deteriorates  many  materials,  serves  to  increase  the  strength  of 
Portland-cement  mortars.  It  is  thus  being  largely  used  for  this  pa^ 
pose.  For  example,  the  new  dam  under  construction  on  the  Nile  at 
Assuan  will  require  3,000,000  barrels  of  Portland  cement,  costing,  in 
round  numbers,  $12,000,000. 

The  investigation  of  cement  for  the  Gila  River  dams  has  been 
along  three  lines:  (1)  To  ascertain  whether  by  unusually  fine  grind- 
ing of  the  cement  its  strength  can  be  appreciably  enhanced  and  the 
quantity  correspondingly  reduced;  (2)  whether  it  is  feasible  to  use 
the  rocks  found  at  the  dam  sites  for  making  a  sand  cement;  (3) 
whether  Portland  cement  can  be  economically  made  at  these  sites. 

SAND    CEMENT. 


Sand  (Moment  is  a  term  applied  to  a  mixture  of  cement  and  sand  .fi^roiiud 
together  in  a  dry  state  to  an  impalpable  powder.     As  a  rule  Portland 
ceni(?nt  and  quartz  sand  are  the  materials  thus  used.     This  mixture  is 
then  used  with  ordinary  sand  and  gravel,  as  in  the  customary  practice. 
The  proportion  of  pure  cement  is  thus  considerably  reduced,  but  the 
Htrengtli  and  durability  of  the  concrete  has  been  found  to  be  nearly  as 
groat  as  that  made  with  the  undiluted  cement.    The  explanation  offered 
for  t  he  remarkably  good  results  obtained  with  sand  cement  when  used 
with  ordinary  eoai*se  sand  is  that  the  voids  in  the  coai*se  sand  are  -^ 
nearly  (IIUmI  with  the  finely  ground  sand.     The  grains  are  thus  l>ouded  '- 
tog(^th<i!r  and  to  the  coarse  sand  by  the  uniformly  diffuse<l  particles  of  \ 
\\\i\  fine  (?enient.     The  amount  of  voids  in  the  ordinary  sand,  in  other 
words,  is  gre^itly  reduced  by  the  fine  sand,  fulfilling  the  requirement 
for  a  strong  mortar  that  it  is  necessary  to  be  of  denso  character,  the 
grains  being  of  such  graduated  size  and  so  well  mingled  as  to  afford 
tlie  maxiniuni  contact  of  the  surfaces  of  the  particles. 

In  sand-cement  mortar  the  grains  of  sand  are  extremely  minute, 
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i^lie  mixture  being  so  fiue  that  onl3^  5  per  cent  residue  is  left  on  a 
screen  of  200  nieshes  to  the  linear  inch  or  40,000  meshes  to  the  square 
Inch.  The  great  density  thus  obtained  contributes  to  the  imperme- 
ability to  water  and  increases  the  compressive  strength  and  load- 
bearing  capacity,  thus  rendering  the  mass  of  value  for  constructing 
roan<lations,  dams,  and  sea  walls. 

In  the  tests  made  in  this  investigation  a  rock  known  as  pearlite,  an 
BMidic  lava  or  rhyolite  from  the  Buttes  dam  site,  was  used,  and  also 
aamples  of  quartzite  from  the  San  Carlos  dam  site.  These  were  chosen 
because  of  the  abundance  of  these  rocks  at  the  localities  named  and 
Lleir  superior  hardness.  The  Portland  cement  used  was  that  manu- 
factured at  Colton,  California,  this  being  made  nearest  to  the  place 
where  it  will  be  used  and  being  sold  at  a  lower  price  than  other  Portland 
cement  in  the  local  market.  All  of  the  tests  were  made  with  the  same 
Baniple  of  cement,  portions  of  this  being  taken  for  the  several  mix- 
tures with  crushed  pearlite  and  quartzite.  The  sand  use<l  with  the 
foreign  cement  in  making  sand  cement  was  clean  l>each  sand  from 
dunes  along  the  coast. 

TESTS  OF  SAND  CEMENTS. 

Results  of  the  tests  of  the  sand  cements  and  comparisons  with  otner 
mixtures  are  given  in  the  following  table.  In  each  case  the  crushed 
pearlite  was  mixed  with  an  equal  weight  of  cement,  and  the  mixture 
^as  ground  in  a  mortar  until  it  all  passed  through  a  screen  having 
200  meshes  to  the  linear  inch.  The  same  method  was  pursued  with 
the  quartzite  from  San  Carlos,  thus  making  sand  cements  com^iosed 
of  equal  parts  of  Portland  cement  and  pulverized  rock  ground  to  an 
exceedingly  fine  condition. 

The  coarse  sand  used  in  making  the  mortar  with  the  sand  cement 
and  with  the  pure  (Portland)  C-olton  cement  was  of  the  ordinary  grade 
of  fineness  used  for  making  cement  t^sts.  It  was  screened  from  ordi- 
iiarj^  gravel,  all  r(»sidue  on  the  20-mesh  screen  being  rejected  and  all 
left  on  the  30-mesh  screen  being  retained. 

The  briquettes  for  testing  were  made  according  to  the  s]>ecifications 
recommended  by  the  American  Society  of  Civil  Engineers.  After  the 
briquettes  were  ma<le  they  were  kept  under  a  damp  cloth  for  twenty- 
four  hours,  then  placed  in  vats  of  water,  where  they  were  left  until 
the  time  for  breaking  arrived,  namely,  seven  days  or  twenty-eight 
^ays.  The  fine  grinding  and  diluting  of  the  Portland  cement  with 
fine  sand  did  not  materially  affect  the  time  of  hardening  or  setting. 
The  beginning  of  the  setting  process  of  the  ordinary  Colton  cement 
Biortar,  or  initial  setting,  was  thirty-three  minutes,  and  the  time  of 
final  setting  was  eighty-five  minutes.  This  applies  to  samples  Nos. 
3,4,  and  0  of  the  following  list.  The  corresponding  periods  for  the 
^nd  cement  were  thirty  and  eighty  minutes.  The  cement  mortar 
<^ntinue8  to  harden  and  increase  in  firmness  for  a  year  or  \o\i%<&T. 
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CompariBon  of  test  Ko.  3  mth  No,  5^  and  of  Xo.  4  with  No,  ti,  sboii 
that  increased  fineness  of  grinding  ver>'  tnaterially  increases  tin 
strength  and  sand-carry lug  capacity  of  cements.  The  ordinary-  €d 
ton  ceTnent  of  test«  No.  3  and  No.  4  wasj^mnnd  finer  than  eommercii 
Portland  is  usually  ground.  Recent  improvements  in  mills  for  grinds 
ing  render  ix>ssible  a  reduction  in  size  of  cement  grains  at  a  coe* 
which  is  small  when  compaivd  with  the  great  increase  in  the  value  ol 
the  resulting  material.  Where  the  freight  chains  are  high,  as  is 
the  case  at  the  locations  under  consideration^  it  is  e^specially  impo^ 
taut  to  take  advantage  of  this  improvement,  and  there  is  no  doubt 
that  if  the  specificationf^  c^ll  for  a  fineness  such  that  only  1  per  eent 
is  to  lif^  left  on  a  100-mesh  screen,  the  manufHeturei*s  will  respond  t45 
the  requirements.  Engineering  specifications  have  ordinarily  allowed 
A  residne  of  5  per  ami  on  a  50-mesh  screen,  although  manufacturors 
have  for  some  years  permitted  a  residue  of  only  1  or  2  per  cent  otii 
dO-niesh  screen. 

CRUSHING  TESTS* 

In  onler  to  obtain  the  crushing  strength  of  the  various  cements  and 
concrete  considered,  two  1-inch  cubes  of  each  wei*e  broken.     Tiw  ; 
results  given  are  the  averages  of  the  crush  lug  strength  of  the  two 
cubes.     The  i*uljes  were  allowed  U)  miuain  thirty  days  iu  water  tiD*! 
then  thirt)'  <iays  in  the  air- 
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CharactMr  of  mlztare. 


ATenigv 
Water.     ,   CTqahiny 

StTQIIICtfi. 

1 


Standard  Colton  oemeiit 

ColtoD  cement,  1  part,  and  ordinary  testing  sand* 
2  parts 

Colton  cement,  1  part,  and  marble  sand,  2  parts. . . 


Ferctnt. 

18 

8 
8 


Tmu. 
8.25 

1.75 
2.38 


Crushing  tests  were  also  made  of  6-iiich  cubes  of  concrete  after  these 
ad  been  immersed  for  thirty  days  in  water.  The  portions  of  the  mix- 
ore  and  the  breaking  strain  in  tons  are  given  in  the  following  table. 
II  the  mixture  the  proportions  are  given  by  volume  and  not  by  weight 

Crushing  tests  of  S-inch  cubes. 


Clutrmcter  of  mlxtiune. 


Breftldnff 
stren^h. 


Colton  cement,  1  part;  ordinary  sand,  3  parts;  pebbles  from  ,  ^^''*^' 

gravel,  6  parts ;  38 

Colton  cement,  1  part;  sand,  8  parts;  crashed  marble, 6  parts.!  30 

ColUm  cement,  1  part;  sand,  8  parts;  cmshed  marble,  5  parts.  90 


It  is  believed  that  concretes  of  approximately  equal  value  can  be 
btained  by  using  cements  in  the  following  proportions,  measured  by 
dume: 


Portland  cement,  1;  sand,  8;  broken  stone,  7. 
Sand  cement,  1;  sand,  2;  broken  stone,  A. 


COST  OP  SAND  CEMENTS. 

In  the  Portland-cement  concrete  made  in  the  proix)rtion  of  cement 

part,  sand  3  parts,  and  broken  stone  7  parts,  it  has  been  found  that 
70  pounds  of  cement  will  be  required  for  a  cubic  yard  of  concrete. 
Tiis,  at  2.12  cents  per  ix)und,  will  cost  $5.72  per  cubic  yard. 

In  the  sand-cement  concrete  of  the  proportions  1  cement,  2  sand, 
nd  6  stone,  340  pounds  of  cement  would  be  required  for  each  cubic 
ard  of  concrete.    This,  at  1.2  cents  per  pound,  would  cost  $4.08. 

The  saving  in  the  cost  of  cement  to  be  effected  by  using  sand  cement 
tistead  of  the  Ck)lton  Portland  will  be  the  difference  between  $5.72 
nd  $4.08,  or  $1.64  per  cubic  yard  of  this  concrete  entering  into  the 
t)nstruction  of  the  dam.  From  the  tot>al  saving  thus  realized  should, 
lowever,  be  deducted  the  cost  of  the  plant  required  for  grinding  the 
uiQd  cement. 
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C<«iMm^i«e  bkM-k<^  (ic^mpofied  of  ibe  abcnrt*  pttiporiJCHis  vere  crushed  aft  ; 
MrGill  UniTt-rsiTT  in  1SH?L  wnh  the  folkywmi^  results:" 

SttDdoaDBBt.  ::  Mad.S:  Iroktfo  BUne.  €:  ^«mr.  99 per  oenL 
WcQieliX  per  mbac  foac  IM  pninid&.    OmsfaiBir  load,  in  pDonds  i>er  aqnare  inch: 
Sertn  daTs.  ^]  ponDdE:  rv>eaitT-ei|^  diTS.  €Sf»  pcnmds:  sixtr  dajB,  670  poonds. 

A  eoncpei«  of  ivermAH  Ponl^Dd  of  ithe  proptortions  of  1  cement,  i 
sand.  <;  brc^ken  jcione.  and  3>  faer  cent  wau-r  stood  a  load  of  728  poimds 
per  M^TiAre  inch  in  nrenty-eislii  days,  and  one  of  the  same  proportions 
nuMif'  from  English  Portland  stood  f»9s  poonds  in  twenty-eight  da;«. 

TesEt*  for  cmshing  strength  on  f-inch  cubes  of  concrete,  made  of  1 
pari  sand  clement,  f  sand,  and  3  pans  gnireL  vere  made  on  concrete 
tliat  was  taken  from  the  backet  just  as  it  was  ready  to  be  laid  in  the 
foundation  of  the  Cathedral  of  St.  Ji»hn  the  Di\ine.  in  New  York 
City.  Each  resalt  is  the  average  of  the  crashing  sti^ngth  of  four 
separate  cabes,  made  under  exactly  the  same  conditions  at  different  I 
periods: 

7  days  old  cmshed  at 77.1C 

Hdaysoldcnuhedat .83,335 

aO  days  old  cmshed  at 92,465 

ApprfMrimaif  ef»t  of  plant  for  wyaking  mnd  cement:  capacity,  ^40  barrels  per 

ttrenty-foHr  hourti, 

Cmsher  treqnired  also  for  cmshing  rock  for  concrete  > $3,000.00 

Mill  for  coarse  grinding 2.OO0.00 

Tnbe  mill  for  finishing 2.5O0.00 

Engine  and  boiler 1.5(K).00 

Settiujf  up  machinery l.O(K).00 

Bnildings  and  bins 1.000. 00 


Total 10.000.00 

Cost  of  mill.  i>er  Ijarrel  of  cement .30 

A<M  for  concrete  making  a  jwwer  mixing  matbine 1,  .500.00 

In  inakinjx  '-oncrete,  if  a  ^(khI  (jiialityof  stone  1h»  ns<*d,  and  the  rock 
1>4*  fruslied  so  as  to  lx»  well  ^ra<luat4*d  as  to  size.*^,  thus  semiring  a  min- 
inunn  of  voids,  the  compn^ssive  stren^^th  of  the  concrete  inerc^a.sesas 
tlie  proiK)rtion  of  ston«*  increa.sc^s  and  as  the  volume  of  voids  between 
tlie  stone  decreases,  and  decrea.sc.»s  as  the  proportion  of  sand  in  the 
mortar  incn.^ases.  The  rule,  therefore,  holds  that,  to  seeuiv  tlie  great- 
est stren^tli,  mix  tlie  maximum  quantity  of  stone  with  a  minimum  of 
sand  mortar  sufficient  to  bond  the  stone  to<i:etlier,  the  sand  mortar 
Immii^  rich  in  cement.  An  extensive  l>ed  of  exceptionally  ^o(xl  Siimi 
for  mortar  was  found  near  the  Buttes,  th(»  grains  graduating  in  size 
from  very  small  to  large  sizes.  It  shows  only  35  per  (*ent  of  void*^. 
while  the  stimdard  cement-testing  sand  used  in  laboratories  has  45 
|M»r  cent  of  voids. 


»  Frrun  C:ana<linn  Architect  iind  Builder.  1.SU9 


ppiHcoTT.]      MANUFACTURE   OF   CEMENT   AT   DAM   SITES.  87 

A  large  tabe  mill  wiirgrind  10  barrels  of  sand  cement  per  hour  to 
le  requisite  degree  of  fineness,  at  an  estimated  cost  of  20  cents  per 
irrel.  The  cost  of  ix)wer  for  grinding  is  calculated  at  3  cents  per 
>r8epower  per  hour  at  the  dam  site. 

Cost  of  sand  cement  unth  Portland  cement  at  S8  per  barrel. 

De-half  barrel  Portiand $4.00 

ne-half  barrel  cmshed  and  coarse-gronnd  qnartzite 18 

rinding  same  in  a  tnbe  mill .20 

oyalty  on  acconnt  of  sand-cement  patent 05 

Total  cost  of  sand  cement  per  barrel  (375  ponnds) 4. 48 

The  cost  of  sand  cement  per  pound,  quartzite  bfiing  used  as  the 

rarce  of  the  sand  cement,  would  therefore  be  1.-  cents. 

The  cost  of  the  mill  per  barrel  of  cement,  20  cents,  is  not  included 

I  the  above. 

It  is  estimated  that  the  cost  per  barrel  of  Colton  Portland  cement, 

jlivered  at  the  dam  site  will  be  $8.     This,  for  375  pounds  weight 

$ment,  would  make  the  cement  cost  2.12  cents  per  pound. 

USE  OF  ROCKS  AT  THE  DAM  SITES. 

For  the  purpose  of  ascertaining  whether  the  rocks  at  the  dam  sites 
)uld  be  used  in  the  manufacture  of  Portland  cement  the  localities 
ere  visited  and  samples  were  obtained  of  those  rocks  which  occurre<l 
1  sufficient  quantities  to  furnish  a  supply  necessary  for  manufacture 
ig  the  large  amounts  of  cement  needed.  In  looking  for  the  raw 
laterials  it  must  be  lK)me  in  mind  that,  chemically  considered,  Port- 
Mid  cement  consists  of  a  compound  of  tricalcium  silicate  and  dical- 
iuni  aluminate,  accompanied  by  small  percentages  of  ferrate  and 
nlphate  of  lime  and  traces  of  alkalies.  It  is  made  by  grinding  and 
mming  together  either  natural  or  artificial  mixtui^es  of  carlionato  of 
imeand  silicate  of  alumina.-  Limestones,  chalks,  or  marls  usually 
umish  the  carbonate  of  lime,  and  clays  are  the  ordinary  source  of 
he  alumina  and  silica.  The  mixtures  are  burned  at  a  higli  tempera- 
ure  to  a  blackish  clinker  of  a  semivitrified  character.  After  cooling, 
his  clinker  is  reduced  by  grinding  to  an  impalpable  iK>wder,  in  which 
orm  it  is  known  by  the  generic  name  of  Portland  cement. 

ROCKS  AT  RIVERSIDE  DAM  SITE. 

Limestone  (No.  3  in  the  following  table)  was  obtained  near  River- 
de,  on  the  road  to  the  Pioneer  mill,  where  it  is  found  in  large  quan- 
ties  along  the  roadside.  The  rhyolite  (No.  4  in  the  following  table) 
as  found  2  miles  south  of  the  Riverside  site.  It  offered  the  closest 
pproach  to  a  suitable  silicate  of  alumina  that  could  l>e  found. 
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The  source  of  elements  of  silica  and  alnmiiia  in  the  crude  materiali 
should,  however,  be  sedimentary  in  character,  not  igneous  or  metei 
morphic.  The  analysis  justified  a  trial  mixture,  and  therefore 
was  calculated  and  made,  but  on  burning  the  materials  failed 
effect  the  requisite  combination  for  a  Portland  cement.  Too  large  I 
percentage  of  the  silica  was  in  the  free  or  uncombined  conditi( 
Fuel  was  not  to  be  found  near  the  Riverside  site,  and  the  manofift^ 
ture  of  cement  at  this  place  is  considered  impracticable. 

ROCKS  AT  SAX   CARLOS  DAM  SITE. 

The  limestone  from  San  Carlos  site  (No.  2  in  the  following  tabk)^ 
was  found  to  be.  admirably  adapted  to  the  purpose  of  the  dam  cwh 
struction  on  account  of  its  good  specific  gravity  (which  was  2.T), 
freedom  from  flaws,  and  siliceous  character.  It  occurs  in  vast  qnaa* 
titles,  forming  the  abutments  at  the  dam  site.  It  forms  bloiEB, 
extending  for  several  hundred  feet,  well  located  for  quarrying.  LarfB  ■ 
masses  may  be  embedded  in  the  concrete,  care  being  taken  that  th^ 
be  laid  irregularly  in  the  mass  of  the  dam,  and  are  well  placed  so  as 
to  bond  into  a  monolith. 

Analyses  of  rocks  from  the  vicinity  of  the  dam  sites, 
[Chemical  compositioa,  in  iieroentages.] 


No.       Name. 


( 'olor. 


Locality. 


Car-       Car- 
bonate bonnte  Silica 


Urn 
Ala-  .   per 

mina    xr^i^  centta 
and     ^^'ifi    the 


^r.*.r.,^i^e.orma^-(SiO.K|,,7M^    tore.'   ^, 
CaCO,.   nosia.  Lxide.  bowte; 

of  lime' 


Limestone  . '  Gray  . 
•£,   <lo Pink    .. 

3    do Bine... 

4  Rhyolito.  .    White. . 

5    do Pearl... 

ti     Limestone .    Blue 


San  Carlos »6.65 

..do 2.T«W  .    55.93 

Riverside W.IO 


do  .... 

But  tea.... 
Queen  Creek  a 


l.:v41 
L*.:«l 

.81 


9.60 


O.OJ) 
31.(1) 
O.CIU 


do Gray do 2.678 


9(1. 10 
55.50 


0.00 
0.00 


1.4 

3.7 

4.7 

60.9 


4.1 
34.6 


1.3 

0.65 

54.151 

6.0 

1.00  31.315 

1.4 

52.136 

12.6 

1 

16.90 

5.3:6  1 

5  8 

1.3 

31.1* 

1 

1 

a  Fnini  al>out  U  mile  above  dam  site. 

The  analysis  of  the  gray  or  bluish  limestone  (No.  1  in  the  above 
table)  shows  from  its  freedom  from  majifnesia  and  the  small  percent- 
age of  free  silica  that  it  is  possible  to  make  a  Portland  cement  with 
it,  provide<l  a  suitable  clay  can  be  found  t-o  furnish  the  requisite 
elements  of  silica,  alumina,  and  ferric  oxide. 

FUEL. 

An  extensive  but  undeveloped  deposit  of  bituminous  coal  is  locatod 
about  17  miles  from  the  San  Carlos  dam  site.  There  is  a  wagon  trail 
to  within  about  0  miles  of  the  coal  beds,  but  after  leaving  the  wagon 
trail  the  only  nutans  of  access  was  found  to  be  a  bridle  path  over  the 
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Alls.  About  t«n  yearn  ago  numerouB  prospectors'  locations  were 
mmAe  in  the  district,  and  shafts  were  sunk  at  a  sufficient  number  of 
Dcalities  to  prove  the  deposit  to  be  of  considerable  extent.  Most  of 
he  shafts  ha\:e  become  filled  with  debris,  but  several  were  entered  to 
lepths  of  15  to  30  feet.  They  showed  the  body  of  coal  to  be  in  beds 
iHTing  a  dip  of  about  60°,  the  beds  being  from  5  to  10  feet  in  thick- 
less,  not  of  solid  fuel,  but  showing  yearns  of  good  coal  interlaid  with 
leams  of  slate  and  waste.  In  the  bottom  of  the  deepest  shafts  was 
round  a  good  body  of  coal  in  a  solid  bed  perhaps  6  feet  thick.  It 
iras  reported  that  at  the  time, the  prospecting  was  done  on  the  claims 
iome  30  tons  were  transported  by  wagons  to  the  Southern  Pacific 
EKailroad  and  used  in  the  locomotives,  but  that  the  cost  of  mining  and 
Lmnsporting  it  to  the  railroad,  with  the  crude  means  available  at  the 
Ume,  was  about  $20  per  ton. 

Cement  could  be  burned  with  the  coal.  The  right  to  mine  the  coal 
Tor  the  use  of  the  Government  in  this  work  could  be  secured  readily 
and  at  a  nominal  cost.  The  cost  of  mining  and  transportation  to  San 
Carlos  would,  however,  be  high.  In  general  practice  120  x)ounds  of 
eojil  dust  are  used  in  burning  1  barrel  of  Portland  cement. 

Taking  as  a  basis  coal  delivered  at  the  dam  site  at  $10  per  ton, 
limestone  at  40  cents  per  ton,  and  clay  at  $1.25  per  ton,  the  cost  of 
manufacturing  Portland  cement  at  the  dam  site  would  approximate 
•2.75  per  barrel.     The  cost  of  erecting  a  plant  with  an  output  of  300 
"barrels  of  cement  every  twenty-four  hours  would  be  $75,000.     Sup- 
posing the  amount  of  cement  to  be  required  in  the  construction  of  the 
dam  to  be  50,000  barrels,  the  cost  per  barrel,  if  made  at  the  site,  would 
be  approximately  as  follows:    First  cost  of  plant,  $75,000;  cost  of 
manufacturing  50,000  barrels,  at  $2.75,  $137,500;  total  cost,  $212,500; 
cost  per  barrel,  $4.25. 

With  reference  to  the  degree  of  reliability  to  be  placed  ui)on  Port- 
land cement  made  in  new  localities,  it  may  l)e  said  that  the  manufac- 
ture of  this  material  has  been  put  ujion  a  scientific  basis,  such  that 
the  manufacturing  chemist  can  predict  the  grade  of  cement  to  Ik* 
made  from  the  given  materials  and,  by  means  of  analyses  of  various 
rocks,  can  calculate  suitable  mixtures  to  produce  the  required  result. 
The  uniform  system  of  testing  cements  recommended  by  the  Ameri- 
can Society  of  Civil  Engineers  affords  a  reliable  means  of  determining 
the  intrinsic  merits  of  the  product.  The  old  method  of  buying 
wments  on  the  reputation  of  the  maker  has  been  succeeded  by  tests 
for  determining  the  actual  value.  Portland  cements  of  American 
make  are  being  extensively  manufactured  and  are  of  equal  or  even 
superior  quality  to  the  foreign-made  cements.  During  the  year  1890 
it  is  estimated  that  6,000,000  barrels  of  Portland  cement  have  l)een 
used,  of  which  four-fifths  were  of  home  manufacture.  In  spite  of 
this  fact,  on  account  of  the  failure  to  find  suitable  clays  at  the  various 
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localities  ami  also  the  difficulty  «>f  obtaining  fuel,  it  is  impracticable 
to  manufacture  Portland  cement  at  the  dam  sites. 

It  is  important,  if  Portland  cement  is  used  at  the  localities  uDder 
consideration,  that  the  specifications  should  require  it  to^  be  ground  so 
fine  that  not  over  1  percent  residue  shall  remain  on  a  lOQ-mesh  screen. 

Reliable  sand  cement  can  be  made  from  the  quartzite  at  San  Carlos 
or  the  pearlite  at  the  Buttes  dam  site  b}'  grinding  with  Colton  (Port'- 
land)  cement.  A  saving  will  result  at  the  San  Carlos  dam  site  of  $1.64 
per  cubic  yard  by  making  sand  cement  on  the  ground,  this  being 
exclusive  of  the  cost  of  the  plant  for  grinding. 

IRRIG^VBIiE   LAXDS. 

The  location  where  the  water  which  is  impounded  in  the  reservoir 
sites  on  the  Gila  River  would  be  used  is  primarily  on  the  Gila  River 
Indian  Reservation,  which  has  been  described  in  previous  pages  of 
this  report,  and  which  contains  357,120  acres  of  land,  the  greater 
IX)rtion  being  irrigable.  South  of  this  Indian  resen'ation,  intervening 
between  the  Southern  Pacific  Company's  railroad  and  the  point  where 
the  Gila  River  leaves  the  mountains,  there  are  many  thousand  acres 
of  high-grade  agricultural  land  suitable  for  irrigation.  The  climate 
is  adapted  to  the  raising  of  diversified  crops,  the  grade  of  the  country 
is*  uniform  and  suitable  for  the  application  of  water,  and  the  soil  is 
exceedingly  fertile.  The  river,  which  carries  a  large  amount  of  sedi- 
ment containing  many  fertilizing  materials,  will  keep  these  lands  in 
a  state  of  continuous  productiveness.  Without  water  this  land  is  a 
desert  and  has  no  value.  That  it  is  of  no  tanjj:ible  value  in  its  j)resent  | 
eoiulition  is  proved  by  the  fact  that  many  thousands  of  acres  which 
hav<*  Ix^en  taken  uj*  at  previous  times  under  the  desert-land  act  ami 
homestead  laws  have  been  permitted  to  iwert  to  the  GovernnH'iit 
l)(»fore  title  was  perf(*cte<l  by  the  settler,  even  after  expend  it  u  ivs  ha<l 
been  made*  on  the  land. 

An  (examination  was  ma<le  of  the  records  of  the  United  States  laiul 
office*  at  Tucson  to  determine  what  iK>rtion  of  this  aiva  outsi<le  of  tlu' 
reservation  remains  jmhlic  domain.  The  area  in  the  valley  of  the 
(iila  !K*tween  Dudleyville  and  Riverside  was  also  inspected,  as  this 
valley  sliouM  be  se<;n'^ate<l  for  reservoir  purposes,  and  in  ease  <»f  the 
construction  of  a  reservoir  at  San  Carlos  a  portion  of  its  water  coiiM 
Ik*  us<*d  for  irrigation  in  this  valley.  XinetiH?n  townships  were  exam- 
ined, and  it  was  found  that  380,:?11  acres  therein  are  still  pul)li<' 
<lomain  and  that  52,U;l>  acres,  Ijing  mostly  under  the  Floronn' 
canal — which  canal  has  a  very  deficient  water  right — is  held  in  private 
ownership.  TlM*n*  is,  therefoi^e,  three  times  the  aiva  of  irritable  lami 
that  can  be  served  on  the  Indian  reservation  alone  and  thnn*  timt'> 
the  area  of  ])ublic  land  off  the  reservation  that  can  Ix*  supplied. 
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Pidfiic  amd  private  htmda  im  the  rieimii^  </  FJoremce,  Aritima, 


T.  4S.,R-10E  . 
T.  4  S..  R  11  E  . 
T.  4  S^  B.  14  E  . 
T.5S..R.5E.. 
T.  5  S.,  B.  <  E  .. 
T  5d.,B.TE.. 
T.5S.,B.8E.. 
T.5S.,B.9E.. 
T.  5  Sc,  R.  M)  E  . 
T  o  S.,  R.  14  K  . 
T.  5  S.,  R.  15  E  . 
T  «S.,B.5B.. 
T.  «S.,  R.«E.. 
T-«S.,R.  7E  - 
T  6S.,R.  SE-. 
T.«S.,R.9E.. 
T.  :S.,R.«E  . 
T  TS.R.  TE.. 
T  7S.,R.  SE.. 

Total 


DISTRIBUTION  CAXALAi. 


GO.---.. 

PriTmtoL 

»L4» 

4.<l» 

s.r» 

S»         J 

a.«s 

1.M         i 

SILO0 

21  Old 

:2t«o 

im 

UcTHI 

T.f» 

IJLOW 

9.M0 

32.010 

2S.«0 

80 

a.KVo 

2.010 

17,StO 

s.a!o 

1*  AD 

10.210         < 

19.440 

3L400 

a.  re  OS 

XU€ 

34.«».9B 

481^38 

19.  AD 

3.240 

S.€W 

an 

2X010 

»B.SU.3S 

ss.i«s.as 

t  is  not  the  parpose  of  this  report  to  definitely  locate  any  canal  line 
OSS  these  lands.  The  construction  would  be  entirely  in  earth  and 
^eedingly  simple.  The  building  of  these  canals  could  be  readily 
iertaken  by  the  settlers  and  by  the  Indians.  The  canal  line  to  the 
lian  reservation  would  be  uniformly  in  smooth  country  and  with 
earth  section.  A  topographic  map  on  a  scale  of  2  inches  to  the 
e,  with  contour  intervals  of  10  feet,  has  been  made  of  a  portion  of 
se  valley  lands.  This  map  demonstrates  the  feasibility  of  building 
se  canals.  The  Florence  Canal,  which  diverts  its  water  at  practi- 
y  the  same  point  where  diversions  of  reservoir  water  would  occur, 
s  through  the  irrigable  area  under  consideration  and  still  further 
lonstrates  the  feasibility  and  the  practicability  of  the  building  of 
canals  wherever  circumstances  may  require. 

ORGA^TIZATIOX  OF  IRRIGATIOX  DISTRICT. 

Ls  recommended,  in  case  of  the  construction  of  any  of  these 
jrvoirs,  that  there  be  appointed  a  Federal  commission  to  consider 
organization  under  Federal  laws  of  an  irrigation  district  which 

include  the  lands  that  would  be  irrigated  under  this  system.  This 
rict  should  be  organized  with  proper  officials  to  handle  locally  the 
ision  and  the  distribution  of  the  water  and  for  the  construction  of 
deliver^'  canals.  The  preparation  of  a  code  of  laws  for  the  opera- 
i  of  this  district  would  be  of  great  importance  and  should  be  under- 
en  jointly  by  members  of  the  engineering  and  legal  professions. 
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4.  Th^  fRslMl  «anasij  to  Ae  Qomerom^ftt,  vliHiier  tlie  relief  of 
tbr  iDfitan  itJ/>ty  b  CBBriiiinji.  or  thfe  ju^wal  4tfwwtapm^m  of  the  arid 
lAiMli  in  tfe  ntrtflitMit^ood  of  Ite  iuwii*t«m  is  tofceo  as  a  basis,  \m 
Is  IIb»  conUiKtioii  of  m  lorf?  reeerroir.  It  is  «hovB  that  the  Govern* 
■Mill  caa  Ixiild  »ick  a  Iws^  n!aprroir.  pre  wvtor  to  Iho  IndlaiiH  witti* 
o«i  dloririiii^  tben  for  ii^  stsd  s^U  tbe  r^iMinder  of  tlie  wat«r 
imp<Fttti4M]  at  Ateh  llgttf^  ao  voold  tmpidlj  reftim  all  the  arigmil 
tOTteatni^tit  nude  by  iho  Federal  antiioritiea, 

A.  In  ifa#  event  of  the  ooQfltriBCiioii  of  a  large  dam  there  will  be 
buflt  tip  in  tJie  valley  of  the  Gila  Riren  wliere  a  de^^rt  now  existBi 
a  e^ifnmtifilty  of  fully  4'^,C«Xt  ^oul^  and  the  creation  of  many  million 
doUamof  ta^iable  wealth  without  permanent  ootlay  on  the  part  of  the 
G^ivemment. 

6.  Tlio  cost  per  aere*fo0t  of  storage  rapacity  nf  the  dams  as  planned 
In  thin  report  at,  the  three  pritieipa]  reservoir  sites  upon  which  esti- 
tnatett  liave  fjeen  made  is  as  follows: 


Cml  per  atrt'foot  of  jrater  rtmrtL 
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Loesiioa. 

^-»«^*          iS^fSS; 

Tbi*  Dutt«*.  .„„ .. ....  .,...., 

Avrv-frci. 
174,040 
2S1,138 
241,  a96 

tl5.  IS 

fi.Ol 

Frcjm  iliif4  it  will  Imi  setm  that  the  cost  of  storing  water  at  the  BntW 
pm*  ai'H^  TotJl  iw  rj.A  titnes  the  cost  at  San  Carlos,  and  that  the  cost  st 
RIverHido  In  2.1  times  the  cost  at  San  Carlos. 

Tlie  eapaelty  of  the  reservoir,  the  character  of  the  foundations  at 
the  dum  site,  the  ootiservative  and  well-known  type  of  dam  planned, 
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i  eoonomy  of  constraction  all  point  to  the  selection  of  the  San 
reservoir  site  as  the  place  for  the  construction  of  the  dam. 
aps  the  most  notable  result  of  this  investigation  of  the  water 
of  the  Gila  River  has  been  the  discovery  of  three  large  reser- 
es  the  existence  of  which  heretofore  has  been  unknown.  They 
)  Riverside,  the  San  Carlos,  and  the  Guthrie  sites.  The  rela- 
pacities  of  these  are  shown  graphically  on  PI.  XXXII,  B, 
Argument  in  favor  of  the  construction  of  a  reservoir  for  the 
»  of  the  waters  of  the  Gila  River  by  the  United  States  Govern- 
I  stronger,  perhaps,  than  for  any  other  project  in  the  country, 
le  Government  has  expended  large  sums  of  money  for  the 
iction  of  irrigation  on  the  Indian  reservations  where  it  is 
[  to  educate  the  Indian  into  agricultural  habits  as  a  means  of 
ilization.  This  is  a  well-established  and  vise  public  policy, 
s  already  been  productive  of  much  good,  but  is  alwaj^s  in  the 
of  an  experiment,  and  more  or  less  difficulty  and  uncertainty 
kdant  upon  the  attempt  to  induce  the  Indians  to  accept  this 
f  livelihood.  In  the  present  case  we  have  a  tribe  of  Indians 
,ve  for  centuries  been  engaged  in  agriculture  by  irrigation,  and 
ere  until  recently  the  only  successful  irrigators  in  Arizona. 
Indians  have  been  deprived  of  their  water  supply  through  the 
of  the  white  man,  directly  encouraged  by  the  United  States 
tment.  It  is  an  imperative  obligation  of  honor  that  their  sup- 
»uld  be  restored  to  them,  and  the  only  practical  means  of  this 
tion  is  by  storage  on  the  Gila  River.  In  addition  to  this,  there 
out  the  certainty  that  unless  this  is  done  these  Indians  will 
ade  from  a  condition  of  industry  and  prosperity  to  one  of  men- 
Y  and  vice.  Instead  of  an  uncertain  possibility  of  elevating  a 
tribe,  we  are  confronted  with  the  necessity  of  preventing  the 
;tion  of  a  civilization  already  attained. 

is  practically  certain  that  the  storage  of  the  Gila  waters  will 
ye  accomplished  by  private  or  corporate  enterprise  for  three 
i:  (1)  The  direct  financial  returns  are  not  sufficient  to  induce 
:e  an  investment  of  private  capital;  (2)  the  unquestionable 
^ht  of  the  Indians  to  a  large  quantity  of  the  water  of  the  Gila  River 
be  a  i)erx)etual  cloud  upon  the  title  to  the  water  in  the  hands 
rivate  corporation;  and  (3)  the  land  to  be  benefite<l  being 
in  public  ownership,  there  is  no  means  under  present  laws  by 
a  private  company  could  realize  the  full  benefit  of  their 
ements. 

rizona  being  a  Territory,  the  water  right  is  entirely  under  na- 
jurisdiction;  the  only  material  private  lien  on  the  right  is  the 
f  the  Indians,  who  are  wards  of  the  Government,  and  this  is  |[  j 

ally  a  Government  right.  The  objection  applicable  in  some  of 
tes,  that  the  jurisdiction  of  water  rights  is  entirely  in  the  hands 
State  and  would  produce  a  conflict  of  authority,  does  not  applY 
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4.  The  GoTi^nimeDt,  being  the  owner  of  more  land  under  thf*  ( 
than  <mn  ever  b*?  watered  by  iU  can  entirely  eontrol  the  Jti|>propriaj 
of  the  valuei^  which  will  bt*  cr^Jit^d  by  th^  const rnctton  of  a  refleff 
and  can  entirely  roecnip  itself  for  all  expenses  incurred,  and  thnaj 
charge  its  oblig'atioo.s  of  honor  vtlh  no  expenditure  exccspt  the  ti 
tation  of  its  own  natural  re«iourcea.  It  is  not  a  proposition  far\ 
Government  to  expend  money  for  the  benedtof  private  individt 
nor  of  aiiy  particular  fsection^  and  henc<e  is  not  eomparable  with  ri 
and  harboi^  improvement's,  although  the  general  benefits  are  so  o 
parabk%  as  homei»  will  he  furnished  at  low  rates  to  thousands  of  lutj 
trions  p«^ple^  who  will  come  from  all  parts  of  the  country,  and  ai 
bidding  desert  will  be  traE^forme«i  into  a  rich  oa^ds  and  a  X^rge  ei 
munity  will  be  tiiua  practically  added  to  the  domain  of  the  Uoj 
States^ 

5.  Gila  River  rises  in  New  Mexico.  As  the  main  body  of  the  hi 
is  in  .VriKona,  inter-State  eomplieations  might  arise  in  the  fating 
case  the  reservoir  were  constructed  by  private  or  local  enterpi 
With  these  giieetions  the  National  Government  only  Is  competes 
oope,  Thtis>  from  all  points  of  view  there  is  everj"  reason  why^ 
ree*ervoir  should  be  constructed  by  the  National  Govemnient  an4 
reason  wh^"  it  should  not,  while  it  is  not  only  impracticable  hut  i 
nantly  inadvisable  for  pri\"at4:*  enterprise  to  carry  out  the  project, 

6.  OwTDg  to  the  erratic  nature  of  the  Gila  River  less  than  3  jjer  i 
of  ''*s  'vatt^r  nenr  FloreTif^^  t-^  Tvnv  bt^ing  used  for  irri^rttion,  and 
areas  now  irrigated  soifer  intenariy  from  summer  droughts. 

Financier  summary  of  residis. 

Total  water  snpply  to  be  delivered  to  the  point  of  diversion  from  San 

CarloB  reservoir  for  irrigation  each  year acre-feet..        24 

Ultimate  requirement  for  Indians do 4^ 

Remainder  available  for  irrigation  of  pnblic  domain  or  private 
lands - acre-feet-.        30. 

Assume  a  duty  of  water  of  2  acre-feet  or  24  inches  in  depth  used  each 
year  on  each  irrigated  acre;  this  would  permit  the  irrigation  of  lands 
outside  the  reservation  to  the  extent  of acres. .         10( 

There  are  389,211  acres  of  arid  public  land  in  the  district  to  be  supplied 
from  this  system.  Assume  that  the  water  is  given  to  the  Indians 
without  cost  to  the  Government  and  that  these  100,6d8  acres  must 
pay  the  total  cost  of  the  works,  then  the  necessary  charge  per  acre 

for  the  remaining  water  rights  to  be  sold  would  be $1 

It  is  helieved  that  the  public  lands  with  this  water  right  could,  at 
this  rate,  be  sold  within  a  year. 

If  3,000  Indians  have  to  be  fed  by  the  Government  at  a  cost  per  ration 
per  day  of  10  cents,  the  annual  expenses  would  be $109 

The  capitalization  of  $109,500  at  4  per  cent  would  represent  the  practical 
permanent  expense  of  feeding  these  tribes.  This  is  equivalent  to  a 
Xiermanent  Government  debt,  which  would  be  liquidated  by  this  con- 
struction, of $2,787, 
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The  valne  of  the  100,008  acres  of  irrigated  public  lands  that  wonld  be 

d      taxable  would  be  $50  per  acre,  or  a  total  of $5,034,900 

^(  The  saying,  without  expense  to  the  QoTemment,  by  irrigation  of  20,000 

!^      acres  of  lands  belonging  to  the  Indians  has  been  shown  to  be 2,737, 500 


i 


Total  increase  in  valne.  without  public  ex{)ense 7, 772, 400 

There  will  also  be  a  large  increase  in  value  of  taxable  town  property,  not  esti- 
mated upon. 

RECOM^TKXDATIOXS. 


1.  Immediately  withdraw  from  entry  all  the  lands  that  may  be  irri- 
^  gated  from  this  source  of  supply  pending  further  action  by  Conjrrcss 
^   on  this  matter. 

f  ,  2.  Segregate  all  the  reservoir  sites  on  the  Gila  River  that  may  he 
• '  useil  for  the  irrigation  of  tlieso  lands.  The  Huttes  and  Queen  Creek 
*  reservoir  sites  have  already  been  segregated  for  this  purpose.  The 
Riverside,  San  Carlos,  and  Guthrie  reservoirs  should  also  be  set  aside. 
^'      3.  Maintain  observations  on  the  Gila  River 

4.  Construct  the  San  Carlos  dam. 

5.  Give  the  Indians  the  water  which  they  require  without  charge, 
►  the  Government  to  recoup  itself  for  all  exi)enditures  from  the  sale 
E'  of  the  remaining  water  rights. 

I        6.  Form  a  Federal  irrigation  district  for  the  division  of  the  water, 
;    which  is  to  be  delivered  to  the  head  of  the  irrigation  canals,  for  the 
I    oonstraction  of  these  canals,  and  for  the  general  administration  of  the 
district. 
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GEOLOGY  AND  WATER  RESOURCES  OF  A  PORTION 
OF  SOUTHEASTERN  SOUTH  DAKOTA. 


Bv  James  E.  Todd. 


IX>CATIOX  OF  REGIOX. 


The  area  to  which  this  paper  relates  Ls  represented  on  the  Olivet 
and  Parker  sheets  of  the  Topographic  Atlas  of  the  Ignited  States,  pub- 
lished by  the  United  States  Geological  Survey.*  It  occupies  large 
portions  of  Turner  and  Hutchinson  counties,  and  small  jwilions 
of  Bonhomme,  Yankton,  and  Clay  counties,  South  Dakotii.  It  is 
espec^ially  instructive  from  the  fact  that  it  includes  typical  areas  of 
the  valleys  of  James  and  Vermilion  rivers,  and  Turkey  Ridge,  which 
forms  a  portion  of  the  divide  between  the  two  streams.  More- 
over, it  exhibits  characteristic  features  of  two  kinds  of  artesian  sup- 
ply, viz,  that  from  the  Dakota  sandstone,  and  that  from  the  sands 
underlying  the  drift.  It  also  exhibits  plainly  the  typical  conditions 
of  most  forms  of  shallow  wells,  as  well  as  the  tubular  wells  common 
to  the  eastern  portion  of  South  Dakota.  The  region  for  the  greater 
part  is  prairie  and  rarely  so  rough  as  to  be  unfavorable  for  ordinary 
agriculture.  It  includes  wider  ranges  of  altitude  than  most  areas  of 
similar  extent  in  the  Mississippi  Valley;  in  the  immediate  valleys  of 
Vermilion  River,  Clay  Creek,  and  James  River  tl^surface  is  not  over 
1,180  feet  above  the  sea,  while  in  the  northern  cinniuation  of  Turkey 
Ridge  it  reaches  1,760  feet,  and  in  the  southwestern  poition  of  the 
region  it  attains  an  altitude  of  i,650  feet,  whick  is  considerably  below 
the  higher  points  of  the  Choteau  Creek  Hills  a  little  farther  west. 

GEN:ERAIi  GEOIX>GY. 

Nearly  the  whole  surface  of  the  area  is  covered  with  glacial  drift. 
The  exceptions  are  the  alluvial  flats  in  the  larger  valleys,  and  scattered 
exposures  of  older  rocks  occurring  mainly  along  the  sides  of  the  can- 
yons in  the  southern  part  of  Turkey  Ridge  and  in  the  bottoms  of  the 

1  These  sheets  may  he  pnxnured  at  6  cents  each  by  addressing  The  Director,  United  States  Geological 
Soirey.  Washington,  D.  C. 

\\ 
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river  chaunek.  The  ^trnUi  lie  nearly  hon:soDtal  e\erv  where.  No 
folds,  faultn,  or  igneou**  outflow;^  have  heen  dij*covered.  Frequent 
borings  have  been  made  to  a  depth  of  2()0  or  300  feet  io  obtaining 
wells,  and  a  few  have  beeu  sunk  to  600  or  7W  feet,  The^e  hj^\  e  fur- 
Diwhed  injjjortaot  fact^a  concerning  the  poaitioti  uf  atmta  below  tba 
uurfaee. 

ALGONKIAN. 


BIOUX   QUARTZITE. 


1 


The  oldeet  rock  expoeed  in  natural  outcrops  or  by  borings  is  the 
Sioux  quartzite,  a  name  given  by  Dr.  C*  A*  White,  when  State  geolo- 
gist of  Iowa,  Exposures  are  found  at  a  number  of  poiufes  along  Uie 
East  Fork  of  Vermilion  Kiver  from  the  north  line  of  Turner  County 
to  the  vicinity  of  Parker^  their  location  being  indicated  on  PL  UL 
Borings  some  distance  from  these  exposures  have  ahown  that  thiis  for- 
mation is  "bed  rock,"  and  the  depth  to  its  surface  is  indicated  upon 
the  map  (PL  IV)*  The  rock  is  frequently  called  Sioux  Falls  ' '  granite/- 
from  the  extensive  exposures  and  numerous  quarries  in  the  vicinity  of 
Sioux  Falls.  It  is  for  the  most  part  a  red  or  purplish  quartzite  of 
intensely  compact  and  durable  character,  and  is  susceptible  of  a  tine 
polish.  It  lies  in  strata  which  dip  gcneniUy  to  the  north  at  an  angle 
of  e^  to  6^.  In  sec*  8,  T,  100  N,,  H.  53  w!,  it  is  in  layers  whiii  are 
generally  not  more  than  (i  inches  in  tbickncj^s*  East  of  Parker  it  m 
more  massive,  and  the  layers  are  ii  or  3  feet  in  thickness.  No  trace  of 
slate  or  pipestone  has  l^een  found  in  any  of  these  exposures.  No  fos- 
sils have  been  noted  in  the  formation  anywhere,  except  some  small 
Unguis  found  by  Prof,  N,  II.  Winchell  near  Pipestone^  IVIinnesota,* 
This  formation  is  generally  referred  to  the  Algonkian.  Its  thicknesa 
has  not  been  determined.  At  Sioux  Falls  a  boring  500  feet  deep 
revealed  no  important  difference  in  the  character  of  the  rock. 

i 
^         THE  PALEOZOIC  GAP, 

In  this  n^gion  there  are  no  tracer  of  Paleozoic  formations  nor  of  the 
Triassic  and  Jurassi^  of  Mesozoic  time*  The  surface  of  the  Sioux 
quartzite  shows  marks  of  long  erosion  at  an  elevation  of  several  hua- 
dred  feet  above  sea  level.  The  nearest  occurrence  of  Paleozoic  rock 
that  haa  liecn  discovered  is  in  the  borings  at  Poni^^,  Nebraska,  and 
Sioux  City,  Iowa,  While  the  mountaui  masses  of  the  Appalachian 
region  and  the  extensi\'e  coal  fields  of  the  eastern  part  of  the  Missis- 
sippi Valley  were  forming  this  area  was  probalily  a  Wrren  mountain- 
ous region.  It  b  possible  that  soils  and  vi^tations  which  may  have 
extended  over  it  were  removed  by  the  advance  of  the  sea  during 
Cretaceous  time.     At  any  rate,  no  tracer  of  ^lil  are  now  found  upon 
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the  surface  of  the  quartzite.  Since  several  hundred  feet  of  strata 
of  marine  origin,  representing  all  the  ages  of  Paleozoic  time,  are 
found  in  the  Black  Hills,  the  shore  of  the  Paleozoic  sea  must  have 
extended  across  South  Dakota  somewhere  west  of  the  present  course 
of  the  Missouri  River.  Moreover,  as  the  Triassic  formations  of  the 
Black  Hills  testify  to  an  inclosed  sea,  barren  of  life,  wo  must  believe 
that  during  that  epoch  this  inland  sea  was  detached  from  the  ocean. 

CRETACEOUS. 

Resting  upon  the  Sioux  quartzite,  as  revealed  by  borings,  there  are 
sands,  chalk,  and  clays  belonging  to  the  Cretaceous.  We  have  no 
trace  of  the  earlier  beds  which  represent  this  age  elsewhere,  but  sev- 
eral hundred  feet  of  the  later  Cretaceous  deposits  underlie  much  of 
the  area. 

DAKOTA   SANDSTONE. 

Resting  upon  the  quartzite,  as  shown  by  many  borings,  there  is  a 
series  of  sandstone  and  shale  which  Dr.  F.  V.  Hayden,  the  first  United 
States  geologist  who  examined  this  region,  named  the  Dakota  forma- 
tion, from  extensive  outcrops  near  the  town  of  Dakota,  in  Nebraska. 
This  formation  is  only  exposed  in  this  area  along  James  River  and 
Twelvemile  Creek  above  Milltown,  and  about  the  junction  of  Wolf 
Creek  and  James  River.  Its  general  distribution  underground  is,  how- 
ever, well  shown  by  the  borings  of  the  deeper  artesian  weUs.  From 
these  data  the  formation  is  known  to  underlie  the  area,  except  in 
the  region  about  Parker  and  northeastward.  As  the  surface  of  the 
quartzite  is  uneven  and  the  upper  portion  of  the  Dakota  sandstone  is 
more  or  less  eroded,  the  margin  is  quite  ragged  and  uneven.  In  the 
southern  part  of  the  area,  the  Dakota  deposits  probably  have  a  thick- 
ness of  300  or  400  feet,  but  as  deep  borings  in  that  region  are  few,  and 
none  are  known  to  have  penetrated  to  bed  rock,  this  is  only  an  esti- 
mate. From  borings  in  this  area  and  from  exposures  elsewhere,  it  is 
known  that  the  formation  is  composed  of  sheets  of  sand  or  sandstone 
more  or  less  completely  separated  by  thick  beds  of  clay  and  shale. 
The  sandstone  strata  are  usually  of  fine-grained,  well- washed  materials, 
and  vary  in  thickness  from  10  to  100  feet.  The  clay  deposits  are  in 
general  thick,  and  very  often  form  a  hard  shale;  locally  they  include 
compact  limestone,  plastic  clay,  and  iron  pyrites.  The  last  is  very 
hard  and  forms  a  serious  obstacle  in  drilling.  The  number  of  sand 
strata  which  are  water  bearing  increases  toward  the  south,  where  the 
formation  thickens. 

In  eastern  South  Dakota  the  upper  part  of  the  sandstone  is  a  stratum 
generally  presenting  harder  layers  often  spoken  of  as  ^^  cap  rock." 
They  are  sometimeB  so  hard  as  to  give  the  impreBsLon  tlbaAi  \ik<^  x^ 
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qusrtzite  has  been  struck,  bat  in  all  cases,  so  far  &g  known,  the  cement 
is  calcareous  or  ferruginous  rather  than  siliceous,  as  in  the  quartzite- 
Its  calcareous  charactt^r  is  revealed  by  use  of  an  acid,  which  cauBe^s 
eflfervescence;  the  ferruginous  cement  is  shown  by  its  dark  color. 
^  The  Dakota  sandstone  underlies  all  the  area  except  a  small  district 
^lear  Parker*  It  is  expased  e^ctensivelj  along  the  James  River  and 
Twclveraile  Creek  aliove  Milltown,  and  also  near  the  mouth  of  Wolf 
Creek.  At  the  latter  place  it  seetns  to  be  in  a  low  arch  or  anticline 
lifted  to  a  height  of  25  or  30  feet  above  the  level  of  the  James  River, 
The  principal  exx>osures  are  upon  the  west  Bide  of  the  river,  in  sec.  6, 
T<  1*8  N.,  R.  57  W*  The  material  here  is  a  soft,  irregularly  stratiiied 
aandstono  scarcely  hard  enough  for  building  purposes.  Exposures  on 
the  James  River  abov^e  Mill  town  liegin  a!>out  a  mile  above  that  point 
in  the  form  of  low  barren  slopes  on  both  sides  of  the  river,  which 
gradually  rise  until  south  of  Elmspriug  the  upper  portion  of  the  for- 
mation is  about  60  feet  above  the  level  of  the  Jame^  River*  Here  it 
exhibits  a  few  castellated  cliffs.  About  1^  mUes  south  of  Elmspriri^, 
upon  the  east  side  of  the  \Tilley,  the  following  section  is  ex]x>sd: 

Sec^dm  Ji  mUfx  mndh  of  Ktrnffpring^  Sotdh  Daisokt, 

Slope  of  till _ - * . , -.,,,** 

Soft  brown  sandatone,  some  pebblee  above;  irregularly  Btmtifiwi,  eprings  l^elow,,  35 
Siopo  mostly  clay,  evidently  Dakota,  to  the  level  of  the  Jamee  River, !20 

Farther  south,  about  a  mile  above  MOltown,  the  sandstone  is  more 
perfec^tly  consolidated  and  shows*  much  oblique  lamination,  and  it  has 
been  quari'ied  to  some  extent  for  building  purposes.  The  sandstooe 
appcyirs  on  both  sides  of  TwelvemileCreek,  following  the  main  stream 
for  3  or  4  miles.  North  of  the  noilhcast  comer  of  see.  3Jr,  T.  100  K., 
R.  69  W.,  it  has  been  quarried  considerably.  The  following  section 
of  a  well  near  Elmspring  exhibits  this  formation  more  completely: 

/Section  in  well  at  Elmjspring,  South  Dakota, 

Feet 

(1)  Yellow  and  blue  clay  (till)  with  water  at  60  feet 83 

(2)  Sandstone 8 

(3)  Sand 20 

(4)  Sandstone  and  clay,  irregularly  stratified 20 

(5)  **Blue  clay"  (shale) ,  with  one  or  two  strata  of  sandstone 116 

(6)  Red  quartzite 70 

All  except  No.  1  and  No.  6  belong  to  the  Dakota  formation. 

The  formation  thickens  by  the  intercalation  of  other  strata,  both 
toward  the  west  and  south.  Near  the  James  River,  at  the  southern 
portion  of  the  area,  wells  indicate  that  the  Dakota  formation  may  be 
from  3(X)  to  400  feet  in  thickness.     A  characteristic  view  of  the  upper 

portion  of  the  formation,  as  shown  on  the  Firesteel  northwest  of 

^fitclien,  h  given  on  PL  IX,  A. 
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Note:  ngure*  denote  depths  of  borings  MAP  OF  A  PORTION 
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All  depth  areas  estimated  averages 
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OOIiORADO  FOBMATION. 

This  includes  two  series  of  deposits,  which  were  first  separated  by 
Dr.  F.  V.  Hayden.  The  lower  series,  composed  mostly  of  shale  and 
day,  was  named  Benton,.from  its  great  development  near  Fort  Benton, 
Montana,  and  the  upper  series,  composed  largely  of  chalkstone,  was 
called  Niobrara.  These  two  subdivisions,  though  usually  differing  con- 
siderably in  lithologic  character,  are  often  grouped  together  because 
of  the  similarity  of  the  fossils  which  appear  in  them.  Moreover,  the 
line  between  them  is  not  easily  established,  because  in  many  places  the 
shalk  grades  into  the  clay  and  shale;  and  even  when  fairly  pure, 
anough  protoxide  of  iron  is  present  to  give  it  a  bluish  tint  resembling 
the  shale.  It  has  been  found  very  difficult  to  separate  them  in  this 
urea  by  means  of  the  reports  of  well-borers.  One  well-borer  will  say 
that  within  a  given  region  he  has  struck  no  chalk,  but  has  struck  shale 
and  clay.  Another  will  distinguish  between  the  chalk  and  the  clay, 
recognizing  the  fact  that  the  former  differs  from  blue  shale  or  "  soap- 
stone,''  while  a  third  may  speak  of  the  chalk  as  a  fine  sand.  Practi- 
cally, the  distinction  which  is  most  obvious  to  the  weU-borer  is  that 
chalk  does  not  become  plastic  by  becoming  wet,  but  acts  more  like  fine 
sand.  On  the  other  hand,  the  shale,  or  '*  soapstone,"  as  it  is  frequently 
called,  becomes  plastic  and  sticky,  and  not  easily  distinguished  from 
the  clay  except  by  its  hardness. 

The  Colorado  formation  is  exposed  in  this  region  only  at  a  few  locali- 
ties, which  are  indicated  upon  the  map,  viz:  Along  the  South  Fork  of 
Twelvemile  Creek;  on  Wolf  Creek,  about  6  miles  above  its  mouth;  2 
or  3  miles  south  and  east  of  the  latter  point,  and  still  more  promi- 
nently in  the  ^'icinity  of  Scotland.  It  also  appears  conspicuously 
along  Turkey  Creek  between  Irene  and  Volin,  and  also  along  Clay 
Creek  north  of  the  latter  place.  From  a  study  of  the  formations 
along  the  Missouri  River  it  is  inferred  that  the  Niobrara  chalkstone  is 
quite  evenly  stratified,  compact,  with  some  of  its  layers  forming  a  hard 
limestone,  but  more  frequently  the  clayey  material  is  more  promi- 
nent. From  the  exposures  along  the  river  it  would  seem  that  it  has  a 
thickness  of  150  to  200  feet.  Its  original  thickness  was  probably  not 
uniform,  but  it  was  accumulated  in  large  lenticular  masses. 

At  Scotland  and  near  Milltown  the  stone  has  been  quarried  and  used 
for  building.  When  first  taken  out  it  is  easily  cut  with  a  knife  and 
shaped  to  any  form  desired.  When  thoroughly  seasoned  it  resists  the 
weather  so  that  buildings  formed  of  it  have  stood  for  twenty-five  or 
thirty  years.  When  exposed  upon  a  slope  it  crumbles  under  the  action 
of  frost  and  becomes  a  white  earthy  mass.  The  protoxide  of  iron, 
which  colors  it  blue  or  light  gray  when  exposed  to  the  weather,  becomes 
a  yellow  oxide  or  a  carbonate,  so  that  where  it  is  near  t\i^  ^utIoj^^^  \Xv^ 
dudk  BOOB  becomes  a  light  yellow  or  pure  wlute  coYot.    \\i  coxiVahx^ 
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(mdh  that  chai^acterize  it  eli«iwh(fre  in  tho  MisKOuri  River  Valley, 
including  OsirtM  congmta^  different  Hpedes  of  /rnKW^trftm^  *wjnu>of  tbeni 
of  large  ejixe,  but  usually  mueh  broken;  a  birge  shell  apptircntlv  a 
Pimuij  and  mmiei'ous  scales  and  teeth  of  fishes^  Ixith  uf  sharks  and 
common  bony  tis^hes,  Ekewhore  the  hone^  of  large  reptiles  have  been 
found  in  this  formation,  but  as  \^et  none  have  been  found  in  it  in  this 
area*  Tho  chalk  rarely  ahowK  noticeable  sheik  of  Fonaininiferu,  but 
the  niassof  the  defKJsit  m  found  by  microscopic  examination  to  bceom- 
posed  of  eoi^eolith8  and  other  minute  organisms  found  in  the  chalk  else- 
where. At  some  pointa  the  chalk  is  found  to  pasH  laterally"  into  a  light- 
gray  clay,  and  it  would  seem  that  chalk  and  clay  might  have  been 
fonueil  contemporaneously  in  neighboring  part^  of  the  se^  bottom. 
The  difficulty  of  determining  the  real  thit^knesH  of  the  chalk  in  thb 
region  arises  f mm  the  fact  that  wf*114K>rers  do  not  readily  dii^tingiiifih 
between  it  aod  the  overlying  and  underlying  claj^s  and  shales.  In  no 
case  has  it  been  reported  thicker  than  100  feet  except  at  Tripp,  where 
it  is  stated  to  be  nearly  300  feet  thick.  It  is  probable  that  It  varies 
greatly  in  different  localities^  though  in  geuei-al  it  appears  to  thicken 
towar<i  the  southwest,  like  the  other  formations  which  we  have  con- 
sidered.    It  has  not  been  so  much  removed  by  erosion  in  that  direction. 

The  Benton  shalo  is  not  clearly  exposed  at  any  point  in  this  ai-ea. 
FroDi  the  study  of  it  along  the  Mis^^ouri  River  it  is  found  usually  to  be 
composed  of  a  dark  clay,  easily  absorbing  water  and  quickl}^  beeom- 
ing  very  plastic*  At  a  locality  southwest  of  Mitchell  it  is  excavated 
for  making  brick,  and  one  quite  striking  fejiture  is  that  the  sid^  of 
the  pit  arc  constantly  sliding  in,  and  even  in  the  adjoining  prairie  the 
sIop(3  is  marked  with  crevasses  or  cracks,  indicating  its  creeping  nature. 
Similar  features  bavo  been  notc^d  in  sec.  33,  T,  100  N,,  It  50  W.,  on 
a  slope  atx>ve  the  Dakota  sandstone  and  below  the  level  of  the  chalk- 
stone*  It  is  impossible  to  estimate  the  thickness  of  the  formation 
with  any  accuracy,  but  there  is  clear  evidence  that  the  clayey  member 
corresponding  to  the  Benton  is  found  here  in  considerable  quantity. 
It  is  probably  50  feet  thick.  Elsewhere  it  has  been  reported  in  bor- 
ings as  underlying  the  chalkstone  and  lying  on  the  sandstones  of  the 
Dakota. 

Before  the  deposition  of  the  Colorado  fonnation  the  Dakota  sand- 
stone seems  to  have  been  somewhat  ei*oded,  especially  in  the  highest 
portions  adjoining  the  quartzite.  Possibly  this  was  due  to  *^  contempo- 
raneous erosion"  rather  than  to  true  unconformity;  that  is,  it  was  due 
to  the  action  of  tidal  currents  or  waves  catting  out  channels  w^ithout 
any  exposure  to  the  action  of  streams  upon  a  land  surface.  Moreover, 
the  Colomdo  overlaps  considerably  beyond  the  edge  of  the  Dakota 
sandstone. 
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PIERRE   SHALE. 

Pierre  shale  follows  next  in  succession  to  the  Colorado  formation, 
tnd  is  very  thickly  developed  along  the  Missouri  River  above  the 
^fiobrara  chalk.  It  undoubtedly  overlies  that  formation  also  in  the 
Dhotcau  Creek  Hills,  though  it  has  not  been  distinctly  recognized  there 
in  exposures  or  in  wells.  Upon  Turkey  Creek,  on  the  east  side  of  sec. 
11,  T.  95  N.,  R.  54  W.,  a  few  feet  of  dark,  plastic  clay  overlies  the 
chalkstonc,  which  doubtless  is  Pierre.  Careful  examination  will 
probably  reveal  other  similar  exposures.  It  is  a  formation  which  often 
contains  remains  of  marine  reptiles  and  many  cephalopod  shells.  The 
shales  arc  «|uite  calcareous  and  their  fossils  are  f recjuently  embedded 
in  large  concretions  of  limestone. 

TERTIARY   DEPOSITS. 

The  onh'  natui*al  exposures  in  the  area  under  consideration  which 
niay  possibly  l>elong  to  the  Tertiary  are  beds  of  a  yellow  loam  resem- 
bling loess,  which  occur  overlying  the  Cretaceous  at  several  points  on 
Turkey  Creek,  also  southeast  of  the  mouth  of  Wolf  Creek.  These 
&re  underneath  the  glacial  drift  and  may  possibly  belong  to  the  Plio- 
cene. Borings  in  the  higher  portions  of  Turkey  Ridge  and  the  Choteau 
Creek  Hills  reveal  thick  deposits  of  sand  underneath  the  till.  These 
ako  Diay  belong  to  the  Tertiary,  and  may  be  even  as  old  as  the  Loup 
Fork.  On  the  other  hand,  it  is  possible  that  they  are  accumulations 
preceding  the  deposition  of  the  drift  during  the  Pleistocene.  No  fos- 
siU  have  l)een  discovered,  so  no  conclusion  C4in  be  confidently  expressed 
as  to  their  age. 

PLEISTOCENE   DEPOSITS. 

In  this  region  the  Pleistocene  deposits  are  very  prominent  and  cover 
very  nearly  the  entire  surface.  All  the  exixjsures  of  older  rock  do 
not  o<'(^upy  more  than  4  or  6  square  miles.  The  deposits  of  this  epoch 
may  Imj  enumerated  in  chrdtiulogical  order,  as  follows:  (1)  The  pre- 
glaeial  or  circumglacial  sands  and  gravels;  (2)  the  ghu;ial  till  or 
bowlder  clay,  sepai'able  into  the  upper  or  yellow  bowlder  clay  and  the 
lower  or  blue  bowlder  clay;  0^)  the  momines,  which  include  those  of 
two  distinct  epochs,  with  minor  subdivisions;  (4)  termces  and  ancient 
channels,  which  may  be  referred  to  three  or  four  different  stages  of 
the  glacial  occupation  of  the  country;  (5)  alluvium. 

PREOLACIAIi   OR   CIRCUMOIJVCIAL    DKl»OSlTS. 

The  preglacial  surface  was  pi-obably  covered  with  silt  and  clays 
resembling  those  of  the  region  now  found  west  of  the  Missouri.     The 
surface  there,  however,  is  probably  now  eroding  faster  than  at  that 
ime,  for  the  base-level  of  drainage  was  probably  mucViVngfakftt  t^Van^i 
IBB  8i 2 
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and  of  gentler  grade.  The  hillside  wash  and  alluviuui  was  perhaps  mon 
marked  than  is  now  found  in  the  trans-Missouri  region,  but  as  the  io 
sheet,  which  resembled  that  of  Greenland  at  the  present  time,  slowl; 
advanced  from  the  north  there  was  spread  before  it  almost  every wber 
a  fringe  or  apron  of  torrential  deposits.  Heavy  sand  and  gravel  bai 
accumulated  along  the  channels  of  the  principal  streams  leading  froi 
the  ice  sheet.  A  less  amount  of  similar  deposit  was  accumulated  i 
all  water  courses  as  their  upper  portions  began  to  be  supplied  froi 
the  melting  ice.  Henc^,  most  of  the  surface  became  covered  with 
nearly  continuous  but  uneven  layer  of  sand  and  gravel,  and  as  tii 
result  of  the  process  we  find  to-day  nearly  everywhere  below  the  til 
or  blue  clay,  of  this  region  a  stratum  of  sand  and  gravel,  containin 
in  most  cases  abundant  water.  The  finer  portions  of  preglacial  so 
and  surficial  deposits  of  that  time  seem  to  have  been  washed  awai 
leaving  the  sand  clean  and  porous.  This  deposit  of  sand,  which  ma 
be  compared  to  a  blanket,  lies  over  the  uneven  sui*face  of  the  Crefa 
ceous  clays,  mantling  the  upland  as  well  as  the  lowland.  It  appeal 
to  be  generally  thicker  upon  the  higher  points,  where  its  accumulatio 
may  have  been  due  in  part  to  the  action  of  winds.  It  is  needless,  pe; 
haps,  to  remark  that  the  sands  of  this  deposit,  like  the  bowlder  cla 
above,  contain  pebbles  of  granite,  greenstone,  and  limestone.  Th 
deposit  is  rarely  exposed,  but  there  are  a  few  places  along  the  base  < 
the  bluffs  of  the  James  River  where  it  appears.  The  more  notab 
ones  are  about  a  mile  below  Milltown,  and  at  intervals  for  2  or  3  mil< 
above  the  mouth  of  Wolf  Creek.  It  may  be  recognized  at  oth< 
points  ])y  the  appearance  of  springs  near  the  level  of  the  stmtuni. 
appears,  usually  with  loss  thickness,  above  the  older  rocks  wlicievt 
they  are  exposed.  Thci*e.  however,  it  is  less  frequently  tlie  source  < 
springs.  })ecause  such  points  iir(»  more  elevated,  and  boi^ause  the  })ow 
dernday  has  crept  down  and  covered  it  more  often  than  where  it  hi 
been  more  recently  exposed  by  the  action  of  the  streams.  Sometinn 
this  deposit  attains  a  thickness  of  100  feet,  but  generally  it  is  ver 
much  thinner.  In  some  crises  it  may  TxT  entirely  wanting,  so  that  tl 
well-borer  passes  from  the  bowlder  clay  into  the  Cretaceous  liec 
withcmt  noticing  the  tnuisition.  This  formation  plays  an  iniix»rtai 
pai't  in  the  water  supply  of  the  region  and  will  be  further  descrihc 
under  that  head. 

TILL   OK   BOWLDER   CLAY. 

This  formation  presents  the  same  features  that  are  found  in  corr< 
sponding  regions  elsewhere,  as  in  central  Minnesota,  Iowa,  and  111 
nois.  It  is  an  unstratitied  mixture  of  day,  sand,  and  worn  pebl)k 
and  bowlders,  the  last  mentioned  sometimes  attaining  a  diameter  c 
several  feet.  In  this  fonnation  are  found  local  developments  c 
.'ytrntiJiod  siind^  commonly   spoken  of  as  pockets,  though   they  ar 
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wmetimes  known  to  be  portions  of  channels  of  considerable  length, 
ftnd  also  of  sheets  that  may  locally  separate  the  bowlder  clay  into  two 
or  more  members.  The  till  of  this  region  is  much  more  clayey  than 
at  points  farther  east  because  for  some  distance  the  ice  had  moved 
over  and  deeply  eroded  the  dark-colored  clays  of  the  Cretaceous. 
For  this  reason  the  erratics  are  perhaps  less  frequently  striated  and 
plaDed.  The  bowlders  most  widely  distributed  are  gray  and  reddish 
granites,  and  peculiarly  compact  and  fine-grained  limestones  of  a 
straw  color  or  clear  white.  The  latter  contain  Favmitea  and  cup- 
coraLs,  with  oivasional  Brachiopods,  indicating  their  Paleozoic  origin. 
Next  in  prominence  arc  bowlders  of  a  fine-grained  trap  or  green- 
stone. Besido^s  these,  in  some  portions  of  the  area,  a  large  percen- 
tage of  the  erratic**,  usually  those  of  smaller  size,  came  from  a  i"ed 
juartzite  ridge  lying  to  the  north.  The  distribution  of  these  is  so 
remarkable  about  Turkey  Ridge  as  to  attract  popular  attention.  In 
the  main  part  of  this  ridge  they  form  alx)ut  90  per  cent  of  all 
bowlders,  but  outside  of  or  across  the  valleys  of  Clay  and  Turkey 
EUdge  creeks  ihey  arc  \^ry  rare.  The  till  varies  in  thickne^as  from  80 
to  250  feet.  In  general  it  is  thickest  upon  the  higher  elevations — as, 
(or  example,  the  Choteau  Creek  Hills  and  James  Ridge.  Near  the 
exposures  of  the  older  rocks,  which  we  may  suppose  to  represent 
points  that  have  resisted  preglacial  erosion  so  that  they  are  relatively 
more  elevated,  a  thickness  of  less  than  50  feet  is  found,  as  in  the 
vicinity  of  Scotland  and  Elmspring,  but  over  the  even  surface 
between  Parkston  and  Olivet  it  amounts  to  125  or  150  feet.  Between 
the  Choteau  Creek  Hills  and  James  Ridge  the  thickness  is  frequently 
3»X)  feet.  It  is  probable  that  the  thii'kne^  is  not  very  uniform  and 
may  vary  greatly  within  short  intervals.  Apparently  the  surest 
evidence  of  reai^hing  the  bottom  of  the  till  is  that  the  water  when 
8truck  rises  promptly  and  to  a  considerable  height.  This  is  a  fact 
which  well -borers  remember  and  recognize  more  distinctly  than  any 
discrimination  of  material,  for  pebbles  and  bowlders  are  found  in 
both  the  till  and  the  sand  below.  It  is  not  unconmion  for  two  neigh- 
bors to  sink  wells,  one  having  to  go  to  a  depth  of  260  or  300  feet, 
while  the  other  may  obtain  water  within  150  or  200  feet.  This 
Bvidence  is  not  always  decisive,  for  there  are  sometimes  within  the  till 
\wsX  developments  of  sand  which  yield  abundant  water.  However, 
in  many  cases  the  wells  have  gone  farther  and  demonstrated  that  in 
such  cases,  no  till  is  found  below  the  sand. 

It  has  been  noted  in  other  regions  that  the  till  consists  of  two  or 
tnore  niunbers  belonging  to  different  epochs,  and  it  would  seem  not 
improbable  that  such  occurrences  may  be  discovered  in  this  area,  but 
thus  far  we  have  been  unable  to  ascertain  that  this  is  the  case.  This  is 
the  more  remarkable  when  we  consider  the  number  of  borings  which 
lave  extended  not  only  throu^fh  the  till,  but  to  tlie  Dakotei  oaud^atoxk^ 
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below.  However,  ^ince  well-borers  are  not  discriminating  in  this 
matter,  more  careful  observations  may  eventually  reveal  the  fai'tt  that 
such  a  division  of  the  till  really  exists,  at  least  in  the  vicinity  of 
moraines.  We  may  mention  in  this  connection  a  singular  phenome- 
non which  oc<;urs  about  6  miles  east  of  Wolf  Creek  colony.  In  the 
extreme  northeastern  tx>rner  of  T.  98  N.,  R.  57  W.,  and  in  the  sections 
adjoining,  are  three  or  four  flowing  wells  obtaining  water  from  u  depth 
of  from  55  to  65  feet,  while  1^  miles  farther  west  no  water  is  obtained 
until  a  depth  of  about  150  feet  is  reached,  and  then  it  has  not  sufficient 
head  to  flow.  This  would  suggest  a  division  of  the  till  into  two  mem- 
bers, separated  by  a  sand  deposit  which  does  not  extend  to  the  second 
locality  mentioned  above.  This  may  prove  to  l)e  a  separation  of  the 
earlier  and  older  deposit  of  till,  and  may  extend  farther  east,  and  may  he 
caused  by  the  rece,«;sion  and  readvance  of  the  ice,  correspouding  to  the 
inter\'al  tetween  the  Altamont  and  Gary  momines.  Another  explana- 
tion may  be  equally  satisfactx)ry,  viz,  that  at  one  time  there  existed 
in  the  region  of  flowing  wells  a  subglacial  channel  which  deposited  a 
sheet  of  sand,  which  would  be  strictly  subglacial,  upon  "the  formation 
of  till  already  laid  down  by  the  glaciei's  while  the  till  above  was  of 
englacial  origin  and  was  deposited  above  the  sand  deposits  of  said 
stream  during  the  final  melting  of  the  ice  sheet.  Similar  supix>sition^ 
may  explain  similar  flowing  wells  both  noilh  and  south  of  the  urea 
named  and  also  east  of  Parkston. 

As  elsewhere,  tlie  upper  jMirt  of  the  till  has,  when  weathered,  u  lijrht 
buff  or  yellowish  color.  This  is  so  proviil(Mit  that  it  is  only  at  unusu- 
ally recent  natural  (»xix)suros,  or  in  the  dii^j^ing  of  deci)  wells,  that  the 
blue  character  of  the  unweathored  till  appears.  An  inii)n\ssion  pro- 
vails  that  itditFors  materially  in  character  from  the  yellow  till.  sim*o 
the  3'ellow  till  contains  water,  often  in  consi(leni])le  <juantity,  whirh 
sup])lies  the  shallow  or  surface  wells  of  the  country.  It  is  a  ofonenil 
rule  that  if  sufficient  water  is  not  struck  ])efore  the  blue  clay  is  reached, 
no  more  can  be  exinn^tc^d  until  that  formation  is  completely  pene- 
trated. The  blue  day  is  freijuently  spoken  of  as  joint  clay,  fi'oni  the 
fact  that  it  is  usually  divided  into  ]:)olyg()nal  masses  ])y  iri*(»p:ular  joiiUs 
crossing  one  another.  These  allow  slight  motion  whenever  the  forma- 
tion lies  upon  a  slope,  so  that  in  the  vicinity  of  streams,  thoujrh  hss 
plastic  than  the  Cretaceous  clays,  it  is  subject  to  landslides,  which  eaii>e 
it  to  cover  the  underlying  sands. 

The  surface  of  the  till,  as  elsewhere,  a})ounds  more  or  le>s  in  shal- 
low basins  or  lake  lieds,  which  ma}^  be  tilled  with  watiM-  in  the  wet 
season.  In  some  localities  these  are  so  deep  that  they  retain  water 
sevenil  fe(^t  in  depth  year  after  year,  but  more  fre;|uently  they  are 
dried  up  by  the  advancing  summer  and  are  eapa])le  of  tillage.  Sinre 
none  of  them  are  supplied  except  })v  i*iiinfall,  even  the  deei)est  are  apt 
to  become  empty  after  a  successiou  of  diy  years. 
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MORAINES. 

These  are  local  developments  of  the  till  in  the  form  of  elevated 
idge8,  usually  with  the  surface  rougher  than  elsewhere.  In  other 
•Olds,  the  surface  rises  into  abrupt  ridges  or  knolls  perhaps  to  the 
eight  of  25  or  30  feet,  though  we  do  not  find  the  best  examples  of 
uch  topography  in  this  area.  The  intervening  depressions  and  basins 
.re  also  more  numerous  than  elsewhere.  Moreover,  the  moraines 
isually  present  a  larger  number  of  bowlders  and  })eds  of  gravel,  and 
)ear  other  marks  of  abundant  and  free-flowing  water.  They  are  gen- 
n-ally  look<»d  upon  as  marking  the  line  where  the  edge  of  the  ice  sheet 
Pemaiiied  stiitioiiary  for  a  considerable  length  of  time.  While  the  ice 
Pfraduully  brought  materials  to  that  point,  the  process  of  melting  pre- 
vented its  farther  advance,  and  as  the  ice  melted  the  clay  and  gravel 
contained  in  it  were  dropped  along  its  edge.  With  this  explanation  we 
can  easily  understand  how  some  areas  would  be  much  more  abundantly 
supplied  with  materials  than  others,  because  of  diflferences  in  velocity 
and  load  of  the  ice  and  in  its  relation  to  the  attending  waters.  We 
rarely  find  the  edge  of  the  ice  sheet  clearly  marked  for  any  great  dis- 
tance by  morainal  deposits.  The  moraines  are  usually  best  developed 
at  higher  levels.  Where  the  edge  of  the  ice  sheet  rested  in  still  water, 
whether  in  a  lake  or  a  sluggish  stream,  the  material  brought  up  by  tjbie 
ice  would  Ix*  widely  distributed  by  the  water  and  a  comparatively  level 
surface  would  be  formed.  Where  the  edge  of  the  ice  was  washed  by 
the  stream  for  some  distance,  the  material  contributed  by  the  ice  would 
be  carried  away  and  hence  not  deposited  as  an  accumulation. 

In  the  area  under  consideration  wo  have  portions  of  two  systems 
of  moraines,  with  minor  sulKlivisions.  These  are  }>elieved  to  belong 
to  the  Wisconsin  stage  of  the  Glacial  epoch,  and  are  known  as 
the  first,  or  Altamont  moraine,  and  the  second,  or  Gary  moraine.  The 
first  moraine  includes  the  hills  in  the  northeastern  corner  of  the  Parker 
quadrangle,  and  the  main  portions  of  Turkey  Ridge  and  James  Kidge, 
and  the  whole  of  the  Choteau  Creek  Hills.  The  surface  in  all  these 
areas  is  more  elevated  than  the  region  within  the  moraine,  and  is 
usually  marked  with  stony  hills,  with  more  numerous  and  deeper 
basins  l>etween. 

The  second,  or  Gary  moraine,  is  represented  by  the  ridge  beginning 
^t  of  the  West  Fork  of  the  Vermilion  and  forming  the  divide  between 
it  and  the  East  Fork  of  the  Vermilion.  It  passes  south  and  southeast 
iround  the  head  of  Turkey  Ridge,  then  south  along  the  east  side  of 
U)e  same  to  the  southern  line  of  the  area,  where  it  turns  west  and 
skirts  the  eastern  slope  and  around  the  northern  end  of  James  Ridge; 
ience,  for  several  miles,  it  is  imperfectly  represented  by  the  ridges 
tear  Lesterville  and  the  gravelly  hills  at  Scotland.  These  seem  to  mark 
he  earlier  stage  of  its  deposition.     North  of  Olivet  \t  VLgBAw  «^^^qokc% 
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more  continuouft,  Imt  of  subdued  fomi,  and  extendi^  northwest  aloi 
the  divide  j^outh  of  Twelvemile  Creek  to  the  northwe^^t  corner  of  d 
Lftrea,  In  general,  thk  moraine  h  of  lower  eknation  than  the  first, ai 
has  its  kiioILs  [e^  proniineiit-  Ilh  highest  portion  in  j^uthc^^t  t 
Freeman^  where  it  attains  an  altitude  of  more  than  l,*kXP  feet> 

ANCIENT  0RAINAO£  8TfiT£HS. 

Connected  with  tbe«e  moraines*  are  ancient  system)^  of  draiu&g 
quita  distinct  at  several  pointi§  from  those  of  the  present  time.  We  wi 
not  dwell  upon  them  further  than  to  call  attention  to  some  of  the  moJ 
notable  caaei**  During  the  occupition  of  the  first  moraine  the  draii 
age  from  between  the  lobes*  of  iee  occopying  the  Veniiilion  ValU 
and  the  James  wa^^  by  means  of  Turkey  Creek  and  it8  branches.  Sim 
larly,  upon  Jame^  Ridge,  between  the  Jame^  Kiver  lobe  of  iee  ac 
the  one  to  the  we*it,  are  imperfeet  tracer  of  a  similar  system.  Dwrir 
the  occupation  of  the  second  moi-aine  the  drainage  was  largely  dov 
the  pi'eaent  course  of  the  West  Fork  of  the  Vermilion  River,  Turk* 
Ridge  Creek,  Clay  Creek,  and  Beaver  Creek,  and  at  that  time  a  lake  < 
considerable  extent  occupied  the  Vemiilion  Valley,  ea^t  of  Hurley, 
much  more  transient  one  also  occupied  the  region  west  of  the  ice  ah» 
northwest  of  Scotland,  which,  for  a  time,  drained  toward  the  south  \w 
the  upper  part  of  Beaver  Creek,  but  soon  found  Uj^  outlet  down  tl 
James  River  Valle3\  The  latter  stage  of  this  lake  seems  to  liave  pe 
sisted  along  the  valley  of  Dry  Creek,  e^st  of  Parkston,  until  tl 
formation  of  the  later  part  of  the  Gary  moraine. 

WATER  SUPPIiY. 

Under  this  head  are  included  the  most  important  economic  results  < 
the  study  of  the  geology  of  this  area.  The  subject  of  water  suppl 
is  divided  into  surface  waters  and  underground  waters.  Under  tl 
former  are  included  lakes,  springs,  and  streams,  and  under  the  latt< 
are  included  the  supplies  which  furnish  shallow  wells,  artesian  well 
and  tubular  or  pump  wells. 

SURFACE  WATERS. 
LAKES. 

These  receive  their  waters  directly  from  the  rainfall  and  endui 
according  to  the  extent  of  their  drainage  basin,  the  depth  of  the 
reseiToir,  and  the  dryness  of  successive  years.  The  rainfall  of  tl 
region  varies  greatly  during  different  seasons.  Its  average  is  aboi 
.  25  inches.  After  a  succession  of  wet  years,  the  lake  beds  over  tl 
whole  region  are  filled  with  vrater,  and  in  the  spring  also,  if  the 
hajs  been  much  snow,  the  same  is  true.    However,  in  the  latter  pa 
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of  .summer  nearly  all  of  them  become  dry.  Some  of  the  more  im- 
portant are  marked  upon  the  map  as  regular  lakes.  Within  the  last 
twenty-five  years  some  lakes  have  passed  through  a  summer  with  10 
or  15  feet  of  water,  and  a  few  yeai-s  later  have  become  dry  enough 
for  tillage. 

SPRINGS. 

Permanent  springs  are  rarely  found,  but  a  few  occur  along  the 
James  River  and  its  principal  tributaries.  They  receive  their  waters 
from  the  various  fonuations  which  are  treated  more  fully  under  the 
head  of  underground  waters. 

One  class  of  springs  which,  perhaps,  are  not  often  recognized  as 
such  derive  their  waters  from  the  rainfall  seeping  through  the  upper 
part  of  the  drift  into  the  water  courses.  Since  the  water  from  them 
is  contained  in  isolated  basins  or  waterholes  in  the  water  courses,  many 
may  not  recognize  the  fact  that  the  water  supplied  comes  from  below 
the  surface,  but  this  is  doubtless  the  fact.  To  the  constant  movement 
of  the  water,  more  fully  described  under  the  head  of  underground 
waters,  is  to  be  traced  the  purity  of  the  water  in  the  ponds  and  their 
freedom  from  stagnant  properties. 

Other  springs  are  derived  from  the  gravel  and  clay  deposits  capping 
the  ancient  ten-aces  or  lining  the  old  water  courses  of  the  Glacial 
epoch.  As  an  example  of  this  may  be  mentioned  a  spring  in  the 
southwest  comer  of  sec.  34,  T.  100  N.,  R.  59  W.,  which  is  supplied 
from  the  gravel  deposits  in  an  old  channel  of  the  James  River  about 
100  feet  above  the  present  stream.  Another  less  copious  spring  appears 
on  sec.  3  of  the  same  township,  where  the  same  channel  meets  the 
deeper  valley  of  Dry  Creek.  Another  spring  from  these  same  deposits 
appears  on  or  near  sec.  15  of  the  township  to  the  south.  It  is  prob- 
able that  careful  examination  would  reveal  several  more  of  similar 
origin. 

Still  other  springs  derive  their  waters  from  the  sands  below  the 
bowlder  clay.  These  fail  to  bring  water  to  the  surface  except  where 
it  restij  upon  underlying  clays,  proljabh'  Cretaceous,  although  this 
can  not  always  be  easily  demonstrated.  Springs  of  this  sort  have 
been  noted  at  the  l)ase  of  the  bluffs  on  the  right  Imnk  of  the  James 
River  at  a  nimiber  of  points  between  the  mouth  of  Diy  Creek  and 
Wolf  Creek.  It  is  probable  that  a  further  search  would  discover 
many  more. 

A  few  springs  are  known  to  come  from  joints  or  porous  strata  in  the 
chalkstone.  Such  are  found  near  Scotland  and  along  Turkey  Creek. 
Their  waters  are  frequently  unpalatable  from  impregnation  with  alum 
salts. 

Other  springs  seem  to  be  supplied  from  the  sandstone  of  the  Dakota 
formation.     Cases  of  this  kind  have  been  noted  a  mile  or  two  south 


T  jjit>  wmcK  MBemmcn  or  miVtB  oaeota.    i^^  ^^ 


Ibii  vmlcr  i^frnprn  ffmn  the^  fmi»  of  Ib^  m\tl 
m  U  fCite  mpm  Uie  ^.lUlT  dbj  Mow*  Otber  ^riQg>t  whit  ti 
am  Mipp&ad  tmm  ihe  ^uw  feologtcml  >(tnitiim  at^  fmwl 
OIIt^  Thf-T  ftfv  twB  IB  iiimlm.  Ife  ■DKlfer  nppt^ring  ]<>  ur 
ro<t  *iPotlir»4  of  tiir  littdtee  rnwriag  Umi  Jmai  ttU«>r  » ant  nf 
:  the  «7tlieraln«il «  qtBirti^r  of  »  iii]]«^  fmrtlicr  oorth.  within  n  h^ 
of  ll^  cdgf  of  tlie  bod^Mii  ftdfoinmg  the  river.  Itotb  of  thi^^t^ 
gs  or  pDodi^^  «si  tlvr  tOBT  b»  edled*  arc  siirroctndi*d  witii  bul 
moA  «rr  of  dimkr  Torb-  The  water  nseft  nearly  to  thf"  levi'i 
the  botloa  Ind^  which  t?  10  fiieC  ht^M<^r  tfam  the  ondiimn*  ^tApre  nf 
Jamet  Bfrcr  netflqr.  Stnce  tbey  are  more  than  a  half  mile  fmni 
IP  \msi^  i]f  the  Maff^  ijti  tht*  *mg^  and  tht*  waller  in  higher  thati  cufi  l^c 
at  cmfinary  ^imgm  im  tbf  Jaiof^  Kirer  wtthm  2  or  3  milas  hvih^'T 
ttfietreatiu  it  ae«tn§  doar  that  thr  Mtpfilr  tj«  ikfivi^]  froiii  n  »$iratuiii  o( 
|be  Dakota  i»iMlftoQ«'^  and  that  we  ^ri*  bere^  a^  it  weiie,  tiattiml  art^- 
nan  wdl&  The  lai^  ^prii^  ha»  a  dtattif'ti-r  nf  aU>ut  15(>  fe^t  of  up^n 
irea  besides  that  ot^capied  by  balru±iba^,  Quiti*  ^limtlar  to  the  Olivet 
iprings  is  the  one  5  mile^  north  of  SlitcbelU  ^own  on  PI.  DC^  Ji*  H 
Uffem  only  in  havitig  higher  bank^  PL  X,  A  ^hows  another  ty|>o, 
MCipillg  t*l<>^  to  Sioux  qoarrit^  ledgers  on  Enemy  Creek,  southetk^t  of 
Ititchell,  It  is  probable  that  similar  leab)  fram  the  arte^mn  ^tinturu 
Bii:mp<^  into  the  trougti  of  the  Jameii  River  bolow  the  wat^r,  or  at  Ki&^t 
below  the  surfa^*e.  8oii»e  of  the  sttiall  nmrshe*«  whieh  are  found  n[)ii^ 
the  flood  plain  may  be  ,stipplied  from  thi^  sourne^  although  probably 
mof^i  are  supplied  from  the  waters  e^^raping  from  the?  sand  sheet  belnw  j 
thetiU. 

STREAMS. 

The  James  River  is  the  only  stream  in  this  area  which  may  be 
depended  upon  to  contain  running  water  at  all  times.  "  The  lower 
portions  of  Wolf  Creek,  Twelvemile  Creek,  and  Lonetree  Creek  are 
rarely  entirely  dry,  but  above  the  last  mile  or  two  of  their  course  the 
water  in  the  latter  part  of  summer  rarely  flows  upon  the  surface. 

UNDERGROUND  WATERS. 

The  most  accessible  underground  waters  are  those  flowing  near  the 
surface  of  the  ground  or  seeping  through  the  upper  portion  of  the  till 
toward  a  water  course,  where  there  are  shallow  accumulations  of  sand^ 
which  form  conduits  for  it.  It  flows  slowly  through  the  lower  portion^ 
of  these  sand  accumulations  and  appears  at  intervals  in  waterholes  along* 
the  upper  portions  of  the  more  prominent  streams.  In  these  it  rai^elr 
comes  forth  in  sufficient  strength  to  attract  attention.  Where  the  slope 
of  the  surface  is  toward  an  undrained  basin,  the  water,  flowing  on  yel- 
low till,  contributes  to  the  level  of  the  water  in  an  open  lake  until  the 
water  level  sinks  below  the  surface,  as  it  soon  does  in  the  great  majority 
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of  ciwes.     It  may  then  be  drawn  upon  by  shallow  wells  which  for  a 

number  of  years  may  be  entirely  adeijuate  for  the  demands  of  neigh- 

Horing  fanns.  but  in  time  of  di-ought  gradually  l)ei*ome  exhausted. 

Where  the  surfiu'es  slope  toward  a  water  course,  the  water  accumulates 

in  larger  supply,  but  it  also  flows  away  sooner.     Shallow  wells,  there- 

fon\  along  the  ancient  water  courses  which  were  occupied  by  streams 

of  lonsiderable  size  during  the  presence  of  glaciers  in  the  vicinity,  afford 

jomo  of  the  most  copious  wells  in  the  region,  some  of  them  being  quite 

shallow.    These  shallow  wells  were  the  main  dependence  of  the  farmers 

of  the  region  in  the  early  settlement  of  it.     In  1881  and  a  few  years 

^iiKsequent,  water  was  abundant  in  these  surface  wells,  but  after  a  series 

of  dry  veal's  this  supply  became  exhausted  and  farmei"s  were  forced  to 

go  deeper  for  their  water  supply. 

The  next  supply  was  that  derived  from  the  sand  and  gravel  at  the 
Wv  of  the  drift.  These  are  reached  by  penetniting  the  till,  which 
is  don*'  by  lK)ring,  often  to  30<)  feet  below  the  surface.  This  depth 
Would  )»e  a  sc»rious  disadvantage  were  it  not  in  a  nieasuiv  compen- 
sJitKl  for  by  the  rise  of  the  water,  so  that  in  many  such  wells  the 
Water  stands  within  5  to  25  feet  of  the  surface;  some,  in  fact,  Itecame 
flowing  wells.  There  are  wells  of  this  class  in  the  aren  which  have 
been  flowing  for  over  twenty  years.  The  depth  to  these  subtill 
Waters  is  shown  on  PI.  V.  As  we  have  elsewhere  stated,  the  thick- 
ness of  the  till  varies  considerably  within  short  distances.  Hence, 
the  depth  iiidicate<l  on  the  map  sometimes  may  not  l>e  within  25  to 
o<J  f^'t  of  the  point  where  water  will  hv  i-eached,  although  in  the 
niajority  of  ciises  it  is  believed  that  it  will  be  nnich  nearer.  More- 
over. JUS  will  be  readily  understood,  the  subtill  sjind  sheet  is  not  every- 
where tilled  with  water,  especially  in  higher  ivgions.  Therefore  the 
«and  may  Im?  nniched  and  pa.ssed  through  to  tht»  Cretiu'eoas  shale  below 
without  yielding  water.  This  seems  to  have  In^en  true  in  some  cases 
in  the  Choteau  Creek  Hills.  On  the  oth(»r  hand,  flowing  wells  are 
fretjuently  found  at  lower  levels.  Such  arenas,  however,  ai*e  of  com- 
parjitivply  slight  (»xtent,  and  the  pressure  head  is  not  level,  but  slopes 
ii*revularly  with  the  surface.  This  is  doubth^ss  due  to  the  slow  motion 
of  the  water  Iwlow.  The  areas  where  flowing  wells  from  this  source 
have  >>een  obtiiined  are  indicated  on  PI.  II.  Prolmbly  others  may  Ix^ 
found  by  lioring,  especially  at  intermediate  altitudes  remote  from 
iin|x)rtant  streams.  In  some  cases  the  erosion  of  th(»  nivine  or  water- 
'oin-se  is  that  which  renders  the  flowing  wells  possible,  ]>ecause  it 
de<reases  the  altitude  of  the  surface  while  the  head  remains  constant. 
A.S  we  have  already  stated  under  Genenil  geology,  cases  are  not  infre- 
quent where  deposits  of  sand  and  gravel  are  locally  developed  in  the 
till  itself.  These  frequently  furnish  a  copioas  supply  of  water,  and 
in  such  cjises  wells  yield  water  without  entirely  penetrating  the  till. 
On  the  other  hand,  sands  Im^Iow  the  till  are  absent  fit  aom^  ^\w\&.   \si 


9oan»  are 

tfceooo- 

it  bft 
Hj.     U  h 
m  ii^iiBUow  welk.    It 
,W»ii^  if  m  tabvi' 
L  too  fro^  it  Hif^  l»4B^ected  to  gtmluallj  hH 
if  it  ii  m  SB  dented  KQfioB.  ^^^ 

,  the  HU  se^iK  to  In  lo  perfi^ctly  imperTioud  that, 
kfnli^  it  imiiirti  llie  eaaape  of  the  water  below 

We  Imw  brfoR  csQed  aiteiitioii  to  th^  joints  in  tite 
dk^,  wliicii^  at  oistsiB  timoK,  mp&dalkj  ia  morB  abrapt  portlpm  of. 
tte  ^urb^  and  after  droogfat,  are  probablj  cypeu^  stiffitdentlj  to 
aDow  water  to  enter  from  the  siir£u?e.  Bendeg^  tt  m  not  imprubaible 
Ubit  the  bottom  of  tbe  aocieot  cfaansek  maj  at  mxsne  points  cut  tli iNjugh 
tbe  tm  to  tbe  lairer  Fleisloceiie  saode  in  sticli  a  nf  aa  to  add  tnalcxri- 
allj  to  tbis  sap^, 

WAXE&  FWOm  THE  0O>EB  mMOA. 

In  case  mnds  belong^ing  to  the  Terttaiy  should  be  discovered  in  the 
region  it  is  likely  that  they  will  be  closely  connected  with  the  lower 
Pleistocene  sands^  and  hence  we  need  not  discuss  th^n  separately. 
The  chalkstone  of  the  Colorado  formation  is  porous  and  water  bear- 
ing; in  fact,  springs  are  occasionally  found  flowing  from  it.  We 
have  already  spoken  of  springs  from  it  at  Scotland.  It  exiata  in  such 
detached  masses,  and  wherever  it  affects  wells  is  so  closely  underneath 
the  drift  that  it  need  not  be  treated  at  any  length  separate  from  the 
tubular-well  supply. 

It  has  l)een  found  convenient  in  some  places  to  use  chalk  as  a  filter 
to  keep  out  the  sand  from  the  bottom  of  the  well.  Moreover,  there 
appears  in  some  places,  although  not  certainly  in  this  area,  a  stratum 
of  sandstone  in  the  chalk  which  affords  water  more  copiously  and  may 
HomctinieH  have  a  relation  similar  to  that  of  the  Dakota  sandstone 
underneath. 

MAIN   AKTESIAN   SUPPLY. 

Those  who  have  studied  the  matter  universally  agree  that  the  main 
artesian  supply  is  from  the  sandstone  and  sand  beds  of  the  Dakota 
fonnation.  This  remarkable  formation  is  the  source  of  water  in  Texas 
and  Colorado,  as  well  as  in  this  region.    It  owes  its  efficiency  to  four 
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conditions:  (1)  Its  great  extent,  underlying  most  of  the  Great  Plains 
from  the  Bocky  Mountains  to  about  the  ninety-fifth  meridian.  (2)  Its 
highly  elevated  western  border,  located  in  the  moist  region  of  the 
mountains  and  crossed  by  numerous  mountain  streams.  (3)  The  fact 
that  it  is  extensively  sealed  on  its  eastern  margin  by  the  overlapping 
clays  of  the  Colorado  formation,  and  where  that  is  not  the  case,  by  the 
till  sheet  of  the  Glacial  epoch.  (4)  The  excavation  of  wide,  areas, 
especially  in  Dakota,  hj^  older  streams,  so  as  to  bring  the  land  sui'face 
below  the  pressure  height  or  "  head  "  generated  by  the  elevated  western 
border  of  the  fonnation.  From  this  source  also  are  derived  the  copi- 
oa»<  pumping  supplies  of  water  over  wide  areas,  where  the  pressure  is 
not  .sufficient  to  produce  flowing  wells. 

PL  X,  Z?  gives  a  vivid  impression  of  the  possibilities  of  such  wells. 
The  flow  is  through  a  3-iiich  pipe  and  from  a  depth  of  only  337  feet. 
The  stream  rivals  the  Firesteel  ncarb}-  in  the  amount  of  flowing  water. 
It  is  estimated  to  furnish  over  1,(XM)  giiUons  a  minute.  Most  of  the 
Wells  in  the  area  are  much  smaller  and  ai*e  much  more  convenient  for 
ordinary  farm  use,  Ijesides  being  more  enduring. 

The  Dakota  deposits  underlie  nearly  the  entire  area  treated  in  this 
report,  but  from  the  relation  of  pressure  to  surface  the  true  ailesian 
area  Ls  limited  approximately  as  represented  upon  the  map  (PI.  II). 

In  boring  wells  the  term  "flow"  is  used  by  some  pei*sons  to  indicate 
that  the  water  has  sufficient  pressure  to  rise  some  distance  in  the  well, 
but  it  is  more  customary  to  limit  the  tenn  to  those  cases  in  which 
there  is  sufficient  force  for  the  water  to  rise  to  or  over  the  top  of  the 
Well.  From  a  comparison  of  the  sections  of  different  wclLs  it  appears 
that  the  sheets  of  sand  are  more  or  less  separated  by  intercalated  sheets 
of  claj',  the  permeable  sandy  deposits  extending  out  into  thin,  wing-like 
sheets.  In  this  way  there  are  in  this  area  at  least  three  horizons  with 
Well-marked  flows.  The  first  or  uppennost  of  these  probably  corre- 
sponds to  the  stratum  which  is  exposed  above  Milltown.  This  bed,  of 
course,  can  not  hold  water  under  pressure  sufficient  to  produce  flowing 
Wells  in  the  vicinity  of  its  exposure  where  the  head  is  lost  by  leakage. 
The  second  flow  is  that  which  supplies  most  of  the  wells  northeast  of 
the  town  of  Tripp.  The  third  is  that  probably  reached  in  the  deep 
well  at  Tripp.  Probably  othera  oc^cur  still  deeper  in  the  southeast 
portion  of  the  Olivet  quadrangle. 

From  a  study  of  the  sections  of  the  wells  it  is  evident  that  the  suc- 
cessive flows  rise  somewhat  toward  the  exposures  of  quailzitc^  but  that 
the  higher  water-bearing  strata  considerably  overlap  those  below. 
In  other  words,  the  lowest  sandstone  stratum  of  the  Dakota  does  not 
extend  as  far  northeast  by  several  miles  as  those  higher  up.  There 
has  been  no  effort  to  express  on  the  map  the  extent  of  the  different 
water-bearing  strata,  but  they  may  be  inferred  from  the  irregularities 
in  the  depths  given. 


f 
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From  s  superficial  ^tjudy  of  arte^iao  weli^  it  might  be  thought  that 
the  water,  e^peeially  in  p«rtieular  artf^tao  basins,  hn^  the  mmi*  h^d 
ur  w<ntld  eren^where  rise  to  the  ^me  plane.  Such,  howerer,  h  far 
from  the  fact  in  the  welb  of  South  Dakota.  In  general,  the  pmsi^ure 
dei^Iiim**  toward  the  margiti  of  the  water-bearing  strata.  This  h  midily 
explained.  a.s  noted  above,  in  the  shallow  bo^^int^  by  sapposing  thnt  tbe 
water  ie  moving  as  a  slow  current  toward  leak^  along  the  nmrgin  of 
the  formatiot}  where  it  joins  the  older  rocks  or  where  fiwsure??  may  con- 
nect it  with  the  bottoTti  of  gtream^.  Each  flow,  in  general,  show.s  tWs 
same  decline  in  pre^^ure  toward  the  northeast. 

Moreover,  from  what  we  have  staid  abc»ut  the  relation  of  tJie  Dakota 
mind  intone  to  the  Sioux  (|uartzite  and  Cblomdo  elay»,  one  c^n  etksily 
understand  how  the  lower  flows  are  found  to  have  higher  pressure. 
Their  leakage  m  much  less  free.  Upon  the  map  (PL  II)  there  are  con- 
tours representing  the  attitude  of  *^head,''  which  in  it^  downward  slope 
eai*t  may  be  I'egarded  as  a  ^^  hydraulic  gradient/'  From  the  nature 
of  the  case,  it  would  I'm*  imposmble  to  represent  the  pressure  for  mfh 
water-bearing  stratum,  and  we  have  therefore  taken  the  data  from  th 
more  important  wells;  or,  in  other  words^  the  lines  of  altitude  (*f 
*' head ''may  be  taken  a*  I'epresenting  the  relative  pressure  in  the 
more  available  and  acee^ible  stratum.  It  ig  not  unlikely  that  the 
sinking  of  wells  300  to  6O0  feet  in  depth,  to  the  third  or  fourth  flow, 
may  show  considembh^  increased  pi*essurc<.  It  ^vill  be  obseT'vt:*d  tbiit 
the  lines  have  a  distinct  curve  toward  the  south  and  east.  This  may 
be  ascribed,  especially  in  the  case  of  the  1,400-foot  line,  to  the  fact  of 
locally  increased  leakage  along  the  James  River  Valley,  together  with 
the  general  diminution  of  supply  to  the  south  and  east  in  eastern  South 
Dakota. 

The  pressure  in  the  wells  of  this  area  has  not  been  very  generally 
noted.  Many  of  the  wells  are  small  and  intended  simply  for  farm 
supply,  so  that  the  pressure  has  not  been  an  important  consideration. 
At  Tripp  the  pressure  was  10  pounds  and  at  Scotland  perhaps  4  or  5 
pounds,  soon  after  the  wells  were  finished,  but  at  present  they  barely 
flow.  The  wells  southeast  of  Parkston  are  reported  to  have  a  pressure 
of  40  pounds,  and  at  that  place  55  pounds  has  been  recorded  recently. 

VARIATION  OF  PBBB8URE. 

This  brings  us  to  a  consideration  of  certain  influences  that  affexjt 
pressure.  Under  this  head  we  shall  consider,  briefly,  a  variety  of 
influences  that  have  been  found  to  affect  pressure,  and  will  give  others 
the  cause  of  which  has  not  been  discovered. 

(1)  Variation  in  adjacent  wells.  Places  are  not  infrequent,  although 
not  notable  in  this  area,  where  wells  at  nearly  the  same  point  have 
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widely  diflferent  pressure.  In  some  cases  it  is  evident  that  the  wells 
are  supplied  from  different  sources  or  flows.  This  conceivably  may  be 
true,  even  when  the  water  is  from  the  same  depth;  for,  as  before  stated, 
the  water-bearing  strata  branch,  and  do  not  always  extend  upon  the 
same  level.  More  frequently,  however,  these  wide  local  variations  are 
due  to  the  pressure  from  the  stronger  flow  expending  itself  along  the 
outside  of  the  pipe  into  an  upper  stratum  of  less  pressure. 

(2)  Variation  in  the  same  well  at  different  depths.  This  need  not  be 
dwelt  upon,  for  we  have  already  explained  how  lower  strata  ai*e  more 
perfectly  sealed  on  their  eastward  margin  and  therefore  display  higher 
pressure. 

(3)  Variations  in  the  same  well  l>eoause  of  wells  in  the  vicinity.  The 
distance  to  which  the  influence  of  the  escape  of  water  from  a  well 
extends  may  reasonably  be  supposed  to  be  directly  proportional  to  the 
amount  of  water  discharged.  We  may  conceive  that  the  flow  of  the 
well  produces  a  depression  in  the  surface,  or  ''  head,"  so  to  speak,  pro- 
portional to  the  amount  of  water  discharged,  somewhat  as  in  the  case 
of  an  opening  in  the  bottom  of  a  reservoir.  If  the  flow  is  rapid  the 
lepression  may  be  great,  so  that  if  the  well  is  closed,  its  pressure  will 
beat  first,  i)erhaps,  several  pounds  below  the  original  pressure,  but  as 
ie  water  flows  in  from  adjacent  areas  the  pressure  in  the  well  will 
l^ually  regain  its  former  amount.  So,  if  two  wells  are  near  each 
>ther,  we  can  not  expect  that  the  closed  pressure  of  one  will  approach 
^ery  closely  to  the  original  figure  if  the  other  is  left  open. 

(4)  Effect  from  varying  barometer.  As  the  pressure  taken  is  with 
<  gage  affected  by  the  pressure  of  the  air,  it  follows  that  when  the 
mrometer  is  high  the  pressure  of  the  fluid  within  will  be  correspond- 
agly  diminished.  The  influence  is,  of  course,  slight,  and  will  be  over- 
ooked  unless  the  pressure  in  the  well  is  very  weak.  Under  such 
ircumstances,  however,  an  increase  of  the  pressure  of  the  air  may 
ometimes  be  sufficient  to  stop  the  flow  and,  conversely,  a  low  barometer 
Day  increase  the  flow. 

(5)  Periodic  variations.  In  a  number  of  the  weaker  wells  there  has 
lot  only  been  a  decline  of  pressure,  but  from  time  to  time  an  increase. 
His  increase  has  been  in  some  cases  related  to  the  time  of  year,  the 
pring  l>eing  sometimes  marked  by  a  stronger  flow.  This  again  varies 
iccording  to  years,  and  it  is  believed  to  be  most  satisfactorily  explained 
>y  supposing  that  the  water  is  obtained  from  the  melting  of  snows  or 
rom  streams  subject  to  floods. 

(6)  Effect  of  varying  leakage  in  the  vicinity.  This  has  been  observed 
a  wells  near  the  Missouri  River.  When  the  river  is  high  the  pressure 
1  the  wells  increases.  It  is  easily  explained  by  supposing  that  there 
re  points  of  leakage  underneath  the  surface  of  the  river,  and  that  the 
icrease  of  hydrostatic  pressure  from  the  stream  checks  the  leakage  to 
ich  an  extent  that  it  increases  the  pressure  in  adiaAeTit^^\\&.    ^\^^ 
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this  haB  ni*t  lienn  notoi  iii  thr^  area,  it  i^  not  iDipmbabk'  that  pxiiniplt^^ 
occur  near  the  Janie^  Uirer*  This  variation,  of  oour.se,  if*  .slight,  and 
would  lie  ttnnotieed  except  in  very  weak  wells. 

Upon  the  map  (PI.  H)  appro xiinati^  depth  to  the  surfat^e  of  the  Dwkob 
Bfttid^tone  in  reprtisentod.  Ab  wa;^  atated  in  the  discU88ion  of  thwt 
formation,  this  does  not  always  direetly  mark  the  upper  limits,  but 
more  definitely  the  level  from  which  flowing  wells  may  be  ohtainid 
In  asLi^m  where  water  is  not  found  at  the  depth  indicated  the  Iwring 
may  be  hopefully  carrieil  through  lower  horizons  to  bed  rock,  the  depth 
of  which  it^  i^hown  on  PK  IV*  In  the  i*outheastern  corner  of  tht^  firm 
and  along  its  wejstt^rn  .side  the  Dakot4t  j^ndistone  m  thicker  and  probably 
carries  more  water-bearing  strata. 


HINTS  ON    THE   (CONSTRUCTION    OF  WELIS, 


I 


Although  the  practical  application  of  the  following  hints  belongs  to 
the  work  of  the  well-borer,  and  may  bo  diBCussed  more  efficiently  from 
the  jstandpoint  of  an  engineer,  3^et  they  may  be  advantageou^sly  not^A 
here  in  conne^^tion  with  the  geological  fact'^, 

(1)  Since  the  prej^iire  in  the  upper  tlow8  is  less  than  in  the  lower  by 
many  pounds  to  the  inch,  it  is  very  impoiiant  that  the  eommunimtion 
between  the  lower  flows  and  the  higher  should  ¥e  entirely  mi  off* 
Otherwise  the  full  prc^nsure  from  the  lower  stmturn  will  not  be  ol>ii^r\'i'<^ 
at  the  mouth  of  the  well,  but  will  expend  itself  by  leaking  into  the 
strata  below  the  surface.  The  desire  of  the  well-dif2*(T(>r  to  keep  \\\^ 
pipe  loose  may  tempt  him  to  leave  the  bore  too  large — hence  the  danger 
we  speak  of. 

(2)  It  is  very  desirable  that  the  larger  pipe  lining  the  bore  ]>e  rirnilv 
fixed  in  the  hard  stratum  above  the  water-bearing  rock.  This  may  1>^ 
don6  in  most  localities,  as  a  compact  stone  is  found  just  above  th^ 
porosis  sands  which  bring  the  water.  Much  depends  upon  this,  for  i^ 
a  pipe  be  left  loose,  and  the  opening  in  the  rock  left  incompletely 
stopped,  water  is  likely  to  escape  around  the  pipe  and,  if  not  checked-? 
may  eventually  destroy  the  well. 

(3)  A  well  should  be  sunk  as  rapidl}^  as  consistent  with  good  worK-* 
especially  after  water  has  been  reached.  Otherwise,  the  great  prei^' 
sure  of  the  water  may  cause  it  to  erode  an  irregular  opening  ara^ 
prevent  the  accomplishment  of  the  two  points  already  given. 

PERMANENCE   OF  ARTESIAN    SUPPLY. 

All  natural  products  are  liable  to  exhaustion.  With  gold,  cofil? 
and  other  metallic  products  no  general  rules  can  be  laid  down  b}'  whicJ^ 
we  may  foretell  how  soon  the  supply  may  fail.  With  water  it  i 
otherwise.  As  we  have  already  said,  multiplication  of  wells  mu:^^ 
tend  to  axhau^on.     If,  however,  the  loss  by  wells  and  leakage  do^^ 
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»t  exceed  the  annual  supply  which  enters  the  formation  on  the  west, 
equilibrium  may  be  gained  which  will  be  as  constant  as  in  a  river, 
may  be  expected  to  have  similar  fluctuations.  At  present  the  pres- 
re  in  wells  in  the  area  discussed  is  generally  slightly  declining, 
►me  wells  of  original  low  pressure  have  ceased  to  flow,  as  at  Scot- 
id,  Tripp,  in  sec.  12,  T.  95  N.,  R.  56  W.,  and  in  other  places,  but 
e  great  majority  have  failed  but  little.  There  is  no  apprehension 
early  failure. 

From  the  sheet-like  form  of  the  water  strata  and  their  nearly  hori- 
Qtal  position,  the  decline  of  pressure  will  necessarily  be  very  regu- 
•  and  gradual.  If,  to  illustrate,  a  well  having  a  pressure  of  50 
unds  should  show  a  decline  of  2  pounds  a  year,  under  similar  condi- 
>ns  it  would  last  twenty -five  yeq,rs  with  gradually  decreasing  flow, 
oreover,  it  is  possible,  if  not  probable,  from  the  wide  extent  of  the 
ikota  sandstone  at  high  altitudes  toward  the  west,  that  there  is  a 
serve  supply  which  may  become  more  available  as  the  head  declines. 
Many  of  the  reported  cases  of  failure  from  other  portions  of  the 
tesian  area  have  been  shown  to  be  due  to  stoppage  by  sand  or  to  sub- 
rranean  leakage  resulting  from  the  rusting  of  the  pipe  or  imperfect 
nstruction,  and  sometimes  from  the  breaking  of  the  pipe  by  caving. 
Until  more  is  known  of  the  circumstances  controlling  the  supply 
lille  more  can  be  said  upon  this  point. 
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)PERATIOXS  AT  RIVER  STATIONS,  1899. 

PART  I. 


rsTROi>ucnox. 

The  following  pages  contain  descriptions  of  the  river  stations  main* 
»ined  during  1899  by  the  United  States  Geolo^cal  Survey,  together 
rith  tables  of  the  average  daily  height  of  water  and  results  of  meas- 
urements of  discharge.  The  rating  tables  constructed  from  the  latter 
md  applicable  in  general  for  the  calendar  year  will  be  given  at  the 
>nd  of  the  publication.  Similar  facts  have  been  printed  for  the  year 
896  in  water-supply  Paper  No.  11,  for  1897  in  Water-Supply  Papers 
^08. 15  and  16,  and  for  1898Mn  Water-Supply  Papers  Nos.  27  and  28. 
The  stations  have  been  arranged  in  geographic  order.  A  deseriplion 
)f  each  station  is  given,  together  with  all  of  the  discharge  measure- 
iients,  followed  by  the  tables  of  gage  heights  and  ratings. 

The  material  above  noted  consists  essentially  of  the  results  of 
>perations  at  the  river  stations,  and  forms  the  basis  for  computations 
>^  daily,  monthly,  and  annual  flow.  In  order  to  make  these  neoes- 
^'  computations  considerable  time  and  labor  Ls  involved  and  the 
'halting  facts  can  be  most  clearly  and  concisely  given  by  diagrams. 
Hie  preparation  of  the  computations  and  the  diagrams  necessitates 
Avoidable  delays,  and  therefore  it  has  been  the  custom  to  present 
^^  facts,  such  as  are  given  herewith,  as  soon  as  possible  after  the 
'lose  of  the  calendar  year,  so  that  the  original  data  may  be  available 
't  an  early  dale  to  all  who  are  concerned  with  their  use.  While  these 
^I'iginal  figures  are  being  printed  the  computations  of  final  results 
^fe  being  prepared,  and,  with  the  illustrations,  have  in  the  past  been 
Oade  to  form  a  part  of  the  annual  report  of  the  Director  of  the 
^ological  Survey.  For  example,  the  results  for  1896,  mentioned 
^bove,  as  given  in  Water-Supply  Paper  No.  11,  are  fully  discussed 
^  Part  IV  of  the  Eighteenth  Annual  Report;  the  original  data  for 
897,  given  in  Water-Supply  Papers  Nos.  15  and  16,  are  published  iu 
|nal  form  in  the  Nineteenth  Annual  Report,  Part  IV,  and  the  data 
<>f  1898,  given  in  Water-Supply  Papers  Nos.  27  and  28,  are  published 
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in  tiie  Twentieth  AnniLftl  Report,  Pari  IV.  In  the  same  way  the  fig- 
ures herewith  ^Ten  form  the  basis  for  conelnsliHiS  being  prepaied  Ccet 
ptlblieation  m  Fart  IV  af  the  Twenty-fiist  Amiiifll  Bepartv 

.&CK90WUEDGHE5TS. 

Most  of  the  meuraBgrneists  herewith  presented  have  been  obtAinod 
UnrfMigh  U*ryfcl  hydrogmphers,  a  eomparatively  small  part  of  the  work 
having  been  condueted  dirBctly  from  the  office  of  the  Geott^ical  ^ar* 
vej  at  Washington,  jieknowledginent  is  therefore  dae  to  eaeh  of 
ibet^  persons  iDdi^idnally.  Thanks  should  also  be  extended  to  Indi- 
vlduala  and  corporation!^  who  have  cooperated  in  various  ways,  either 
by  fumishinf  readings  of  height  of  wa^r  or  assisting  in  transporta- 
tion. The  following  list  gives  the  names  of  the  resident  hydrographers 
or  pentons  cooperating,  this  being  arranged  alphabetically  by  States- 

ArijfiOQa:  W.  A.  Parish,  ch^il  engineer,  Phenix. 

Califortila:  J-  B-  Lippineott^  civil  engineer,  Ix>s  Angeles. 

Colorado:  A-  L.  Fellows,  civil  engineer,  Denver. 

Georgia  and  Alalmma:  Prof.  B.  M.  Hall,  civil  engineer^  Atknti} 
and  Prof,  W.  S.  Yeates,  State  geologist,  Atlanta. 

Idaho:  N*  S,  Dils,  civil  engineer,  Caldwell. 

Kansas:  W.  G,  KusseU,  Russell;  Prof.  E.  C.  Murphy, State  Umver 
sity,  Lawrence, 

Maryland:  Prof.  W.  B.  Clark,  State  geologist,  Balttmore. 

Mou  taoa :  S*  M.  Emeiy ,  director  experiment  station,  Bozenian ;  Prof. 
Samnel  Fortier,  Bozeman;  Prof*  Fred.  D.  Smithy  Missoula. 

Nebraska:  Prof.  0,  V.  P.  Stout,  State  University,  Lincohi,  aasis^ted 
by  Ad  11  a  Dobson  and  Glenn  E,  Smith. 

Nt^vada:  L,  II.  Taylor,  civil  engineer,  Goleonda* 

New  Mexico;  P,  E.  Uarroun,  eivil  engineer,  Albuquerque. 

North  aTid  South  Carolina:  Prof.  J.  A.  Holmes,  State  geologist, 
Chai>el  Hill,  Nurlh  Carolina,  assisted  by  E.  W.  Myei"S. 

Texas:  Prof.  Thomas  U,  Taylor,  State  University,  Austin. 

Utah:  l*n>f.  Samuel  Fortier,  civil  engineerj  Corinne,  assist<»d  by 
J»  L,  lihead  and  J.  S.  Baker;  later,  Prof.  George  L.  SwendstMi,  Logan. 

Virginia  and  West  Virginia:  Prof.  D,  C.  Humphreys,  Washington 
and  Lee  LTniversityj  Lexington,  Virginia. 

Washington:  Sydin\v  Arnold,  civil  engineer^  North  Yakima;  Wil- 
liam J,  W^ftrt\  civil  engineer,  Port  Angeles. 

Wyoming:  A.  J.  Pai-shall,  civil  engineer,  Cheyenne. 

In  a  iHUiiboruC  instanoeti  related  data  have  been  inserte^l,  such,  for 
example,  as  results  of  computation  of  daily  flow  at  mill  dams,  mmk 
by  local  enginetn's,  and  data  of  river  heights  obtained  from  the  United 
StaU's  Weather  Bureau,  or  Coi^is  of  Eugiueers,  United  States  Army. 
Hefert4ice  to  these  fjicts,  mainly  unpublished,  has  been,  or  will  k, 
made  hi  other  publications  of  this  survey,  and  they  are  therefore 
plucrd  in  roti  worn  live  onli*r  for  <*onvenience  of  refer<^mce. 

Tlio  nwiiuHiti  of  auMWuriug  Ur^  disiUmrge  of  various  streams  and  ot 
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prei>aring  the  compatatioiis  have  been  described  on  ptkgos  18  to  30  of 
the  Nineteenth  Annnal  Report,  P&rt<  IV,  and  on  pages  20  to  22  of  the 
Twentieth  Annnal  Report,  Part  lY.  The  tables  used  in  facilitating 
computations  are  also  given  on  pages  29  to  32  of  Bulletin  No.  140. 

culSSIFication  of  field  work. 

In  order  to  make  a  comprehensive  study  of  the  surface  waters  of 
the  United  States  four  classes  of  work  are  in  hand : 

1.  Maintenance  of  long-record  river  stations. 

2.  Maintenance  of  short-record  river  stations. 

3.  Reconnaissance  along  streams. 

4.  Detailed  reservoir  surv'eys. 

The  long-record  river  stations  are  designed  to  show  the  influence  of 
climatic  fluctuations  upon  the  volume  of  a  river  at  a  given  locality. 
Only  a  few  of  these  long-record  stations  can  be  maintaine<l  in  any  one 
State  or  section.  Under  this  head  are  included  only  the  localities 
where  the  conditions  are  highly  favorable  for  accuracy  of  results  as 
furnishing  a  standard  of  comparison.  At  such  points  esi)ecial  care  is 
taken  to  verify  the  gage  readings  and  to  make  frequent  measurements 
of  discharge  to  give  assurance  that  the  rating  table  is  correct.  From 
the  results  obtained  here  it  is  x>ossible  to  compare  one  year  with 
another  and  ascertain  which  are  years  of  high  or  low  water  or  of 
medium  flow. 

The  short-record  river  stations  are  established  for  the  purpose  of 
obtaining  the  flow  at  a  given  point  for  a  short  period.  Each  short- 
record  station  is  discontinued  as  soon  as  the  results  are  considered 
sufficient  for  probable  industrial  development.  Reasonable  care  is 
taken  to  verify  the  results  at  these  stations,  but  necessarily  not  the 
same  refinement  needed  as  in  the  case  of  the  long-record  stations.* 

Reconnaissance  along  imi)ortant  streams  is  systematically  carried 
forward  whenever  the  season  is  favorable,  preferably  during  low 
water.  Measurements  of  discharge  are  made  wherever  practicable 
during  the  progress  of  this  work  and  observation  of  height  main- 
tained at  some  one  point  during  the  time  of  the  reconnaissance. '  At 
important  points  level  lines  are  run  to  obtain  the  fall,  particularly 
where  water  power  may  be  developed. 

Reservoir  sites  are  being  examined  and  surveyed  in  various  parts 
of  the  country  whenever  suitable  localities  are  discovered  by  recon- 
naissance or  are  brought  to  attention  in  other  ways.  Contour  maps 
are  prepared  of  the  lands  to  be  flooded,  showing  the  capacity  of  the 
reservoir  at  various  depths.  More  detailed  surveys  are  also  made  at 
the  dam  sites,  and  in  some  cases  holes  drilled  down  to  and  into  the 
bed  rock  to  ascertain  the  character  of  the  foundations.  From  the 
information  thus  obtained  estimates  of  cost  are  made.  The  matter  is 
more  fully  described  in  the  Twentieth  Annual  Report,  Part  IV,  pages 
25  to  43. 
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In  making  the  survey  and  esaminatioiis  of  the  flow  of  streams  in 
VaHoU8  part©  of  th«  United  States  the  object  in  view  lias  been  U> 
obtain  facts  of  general  appUcatlon  at  a  e-ost  eommensurat©  with  the 
^fobable  application  of  the  results*  It  is  recognized  that  with  a  given 
GfXpenditnro  tho  niimbor  of  measarements  made  will  depend  largely 
tipon  the  accuracy  and  precautions  employed^  and  the  question  at 
once  arist^s  as  to  what  degree  of  precision  should  be  sought.  F^^ 
example,  to  aaeertain  the  flow  of  wat-er  at  a  certain  point  within  5  per 
t  of  the  actual  flow  may  cost  |10j  within  3  per  cent,  $25;  within 
S  per  cent,  #100,  and  so  on,  the  cost  increasing  in  an  ascending  ratio 
as  an  upprt>ach  is  made  to  absolute  accuracy.  In  the  example  given 
it  iM  a  mat  tor  of  judgment  whether  to  make  measurements  at  a  cost  of 
fJOt^  at  ton  points  ^^thi^  5  per  cent  of  the  flow,  or  at  one  point  within 
2  por  cent*  For  general  information  concerning  the  hydrography  of 
the  country  J  such  as  that  sought  by  this  survey  ^  it  is  obvioas  that  the 
measurements  at  the  ten  points  are  better  than  the  single  measare- 
ment  of  greater  accuracy;  on  tho  other  hand,  conditions  may  be 
imagiTRMl,  for  example^  where  water  or  power  is  being  purchaswi, 
when  the  more  expensive  single  measurement  is  important. 

It  is  impracticable  to  assign  definite  limits  to  the  degr©«j  of  accuracy 
of  the  mensurement^  and  computations  of  river  flow,  since  eircom- 
stances  vary  ividely,  but  as  a  rule  the  limit  has  been  set,  as  above 
at^ited,  that  they  sliall  be  within  the  range  of  or^liuary  practical 
application.  The  low- water  flow  or  the  floods  of  a  given  season  are 
never  re|»tmted,  1)6 ing  higher  or  lower  in  subsequent  years.  By  con- 
tinuing meastiriMuents  through  a  dee^wle  the  range  T*ithiu  general 
limits  is  knowiu  but  may  l>e  passed  during  the  succeeding  decade, 
Great  accuracy,  therefcjns  in  iiscertaining  tho  flow  at  any  given  time 
is  not  necessary  for  drawing  general  t*onelusionSj  as  various  assump- 
tions must  enter  to  nuMiify  the  a ppti cation  of  the  facts, 

been  useil  and  decimals  dn>pped  from  the  figures  obtained  by  compu- 
tation. This  rule  is  applied  in  all  cases  where  the  flow  exceeds  10 
cubic  ftH*t  i>er  secH>nd ;  where  it  is  less  than  this  decimals  may  or  may 
not  l»e  useii,  although  even  here  a  false  conception  of  accuracy  maybe 
given.  In  obtaining  averages  or  totals  representing  the  flow  through 
ccmsiderable  periods  of  time  there  may  be  some  discrepancies  involved 
through  this  omission  of  fractions,  but  it  is  not  believed  that  the 
practical  \Tilne  of  the  work  can  be  improved  by  introducing  into  the 
computation  a  higher  degree  of  re^ement  than  is  possible  or  desirable 
in  the  field  work. 


nrrBODUcnoN.  IS 

EXPENSE  OF  MAINTAININQ  STATIONS. 

Dniing  1899  blank  f onns  were  sent  to  all  resident  hydrographers  of 
the  Greological  Survey,  with  the  request  that  they  give  a  full  descrip- 
tion of  each  station,  with  reasons  for  its  establishment  and  mainte- 
nance, together  with  an  itemized  statement  of  the  costs  incurred  in 
making  the  measurements  and  in  computing  the  results.  These  esti- 
mates have  been  compared  with  the  actual  exjiense  incurred  during 
the  calendar  year,  and  the  results  have  been  analyzed  to  ascertain 
what  may  be  called  the  normal  cost  of  maintaining  river  stations  in 
various  parts  of  the  United  States,  and  to  ascertain  which  of  the  sta- 
tions were  requiring  an  expenditure  out  of  proportion  to  the  value  of 
the  results. 

Whenever  the  cost  of  a  station  is  excessive,  a  careful  study  of  the 
necessity  of  that  station  has  been  made  to  determine  whether  the  data 
obtained  are  of  sufficient  value  to  warrant  the  extra  expenditure.  In 
a  few  cases  it  has  seemed  advisable  to  discontinue  stations  on  account 
of  the  expense  of  maintenance;  but  on  the  whole  the  result  of  the 
analysis  has  been  gratifying,  inasmuch  as  it  has  shown  very  few  sta- 
tions which  could  be  considered  excessively  expensive,  and  in  most  of 
these  cases  the  results  obtained  have  been  considered  sufficiently 
valuable  to  warrant  their  continuance.  i 

The  conditions  obtaining  in  the  various  parts  of  the  country  are  so 
different  that  the  annual  cost  of  maintenance  is  not  fairly  compara- 
ble. This  difference  is  due  to  several  causes,  the  chief  of  which  is 
the  great  distance  between  stations  in  some  of  the  Western  States 
when  compared  with  stations  in  the  Eastern  States.  This  makes 
additional  expense  for  railroad  fare  and  also  for  services  for  the 
increased  time  spent  in  traveling.  In  most  States  passes  are  granted 
the  hydrographers  by  the  railroad  companies  when  upon  official  busi- 
ness, but  this  is  not  true  in  all  States.  The  beds  of  some  rivers  are 
rocky  and  permanent  in  character,  necessitating  only  a  few  measure- 
ments a  year,  while  others  are  sandy  and  shifting,  requiring  many 
measurements  in  order  to  construct  discharge  curves  of  any  value. 
An  extreme  example  of  the  latter  case  is  the  Gila  River  upon  which 
measurements  were  made  nearly  every  day  in  the  year.  The  pay  of 
the  local  observer  varies  with  the  distance  he  is  obliged  to  travel  daily 
to  reach  the  gage. 

For  the  reasons  given  above,  the  country  has  been  divided  into  sev- 
eral sections  according  to  the  conditions  at  the  stations.  All  of  the 
stations  in  the  States  bordering  on  the  Atlantic  Ocean  are  considered 
in  one  class.  These  are  57  in  number  and  are  under  the  charge  of  4 
resident  hydrographers.  The  rivers  in  the  northern  part  of  this  sec- 
tion, as  far  south  as  Virginia,  have  as  a  rule  been  gaged  at  points 
where  their  beds  are  rocky,  and  require  only  about  4  measurements  a 
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year  m  ofder  Uieoii«trttct  reliable  disctiarge  enrvea,  bb  the  curves  con- 
stiticted  in  the  previoos  jears  need  few  dmoges,  Soath  of  Virginia 
the  gagings  hare  been  made  where  the  beds  of  the  riyers  are  for  the 
most  part  »oft  and  changeable^  requiring  from  G  to  8  meaaoremeut^  a 
jear. 

The  normal  cost  of  ^M^h  gaging  in  the  Atlantie  States  is  #11.50. 
This  inctades  everj  expense  incident  to  the  gaging^  and  may  be 
divided  approximateljr  as  follows: 

Hrdjx3graph€r  a  aerdces  in  tb^  field,.. .,..  *. ^— ,^- , iS*0& 

Hjrdrtigraphers  eerrioes  for  campafcatum ...._. ,..^    3,00 

Serriceeof  asHi^taiit.... ,**,._..,_* , , ,50 

Cost  of  local  trazkspcMrtatioD ....._. 1,00 

Sundry  expenaea^  indndiiig  board,  lodgfug,  «rto- — S.OO 

i:ot»l ,  — .— ..,.. ..  11.50 

Hydrographers  are  obliged  to  travel^  on  the  average,  200  miles  for 
each  gaging^  but  with  few  exceptions  passes  have  been  grant-ed. 

The  pay  of  the  observer  averages  136  a  year.  This  makes  the  total 
eoet  of  an  ordinao^  station  in  the  Atlantic  States  $82  if  4  gagings  are 
made  daring  the  year  and  #105  if  6  gagings  are  made. 

The  river  stations  in  Kansas  and  Nebraska  are  iu  general  under  the 
same  eonditions,  and  are  here  considered  together*  The  river  beds 
are  more  or  less  changeable,  so  that,  in  order  to  obtain  reliable  dis^ . 
chaTge  cnrveSj  it  is  neeessaiy  to  make  from  10  to  20  gagings  a  year  at 
each  station,  with  an  average  of  abont  12,  The  normal  eost  of  each 
gaging  is  112,  dividef!  in  filKHit  fho  same  proportion  as  in  the  Atljintii* 
States.  For  the  ordinary  stations,  therefore,  the  total  cost  of  gaging 
for  one  year  would  be  $144,  and  adding  $40,  the  average  eost  of 
observers'  services  for  one  year  in  this  section,  gives  $184  as  the  total 
cost  of  maintaining  the  station. 

In  Colorado  the  character  of  the  river  beds  varies  considerably  in 
the  different  parts  of  the  State.  Some  have  a  rocky,  permanent  bed, 
and  others  a  soft,  changeable  one,  requiring  frequent  gagings.  For 
this  reason  the  number  of  gagings  required  each  year  at  the  different 
stations  varies  from  2  to  10,  with  an  average  of  about  6.  The  average 
cost  of  making  a  measurement  is  $13;  the  average  cost  of  observ^a- 
tions  is  $30,  making  a  total  cost  of  $108  for  one  year.  The  expense 
incurred  in  1899  has  not  been  as  great  as  here  mentioned,  as  fewer 
measurements  per  year  have  been  made. 

In  Montana,  at  those  stations  under  the  charge  of  Prof.  Fred.  D. 
Smith,  from  whom  reports  have  been  received,  the  average  cost  of  a 
gaging  is  found  to  be  $10;  and  allowing  10  measurements  a  year  and 
$30  for  observations,  the  normal  cost  of  maintaining  a  station  for  one 
year  is  $130. 

In  Wyoming  the  average  cost  of  gagings  is  $30.  Allowing  7  measure- 
ments a  year  and  $26  for  observations,  this  makes  $236  as  the  normal 
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cost  of  maintaining  a  station  for  one  year.  This  large  expenditure  is 
necessitated  by  the  great  distances  traveled. 

In  Idaho  the  average  cost  of  making  a  gaging  is  #^.  Allowing  6 
measurements  a  year  at  each  station  and  $36  for  observers,  we  have 
#156  as  the  normal  cost  of  each  station  for  one  year. 

In  California  we  can  say,  roughly,  that  the  average  cost  of  a  gaging 
is  $30,  and  making  10  measu rements  a  year ;  and  paying  #36  for  observ- 
ers, we  have  a  total  cost  of  #336  a  year  as  the  expense  of  maintaining 
a  station. 

These  comparisons  have  been  made  in  order  that  some  idea  might 
be  obtained  as  to  the  proper  cost  of  maintaining  stations.  If  the  cost 
of  any  x>articular  station  is  much  higher  than  the  normal  cost  of  sta- 
tions in  that  section,  it  is  important  that  a  careful  study  be  made  to 
determine  whether  or  not  the  measurements  are  of  such  value  as  to 
warrant  the  additional  expenditure.  If  not,  the  station  should  be 
discontinued. 

DETERMIXATION   OF  DISCHARGE  FROM  SLOPE. 

At  various  times  attempts  have  been  made  to  obtain  data  as  to 
slope  or  fall  per  mile  of  the  water  surface  of  various  rivers,  in  order 
to  use  this  factor  in  estimates  of  the  flow  of  the  stream,  and  thus  make 
comx>arison  with  the  discharge  as  measured  by  current  meters.  It 
has  been  quite  difficult,  however,  to  do  this,  and  the  results  have  been 
somewhat  unsatisfactory,  owing  to  the  uncertainty-  in  determining 
the  slope  of  the  stream,  considerable  latitude  of  judgment  being 
possible. 

Careful  leveling  along  the  banks  of  most  streams  of  moderate  size 
shows  that  the  water  surface  is  alternately  approximately  level,  then 
has  a  distinct  fall,  and  again  is  nearly  level;  in  other  words,  as 
expressed  in  the  South,  the  stream  consists  alternately  of  pools  and 
riffles.  These  may  be  imperceptible  to  the  eye,  but  are  detected  by 
careful  leveling.  In  determining  the  slope  of  the  stream  the  question 
therefore  arises  as  to  whether  this  shall  be  determined  for  the  imme- 
diate proximity  of  a  given  cross  section,  either  at  a  pool  or  a  riffle,  or 
be  taken  to  include  a  number  of  these,  and  thus  extend  several  thou- 
sand feet  or  even  several  miles.  On  the  selection  of  this  distance 
depends,  to  a  large  extent,  the  slope  of  the  stream,  the  amount  vary- 
ing within  wide  limits. 

The  desirability  of  again  taking  up  this  matter  was  brought  to  the 
attention  of  this  office  in  July,  1899,  by  Mr.  Desmond  FitzGrerald,  chief 
engineer,  to  the  special  commissioners  of  the  Chicago  Drainage  Canal. 
Instructions  were  sent  to  each  field  party  to  endeavoi  to  make  such 
measurements  wherever  it  could  be  done  without  notable  increase  of 
cost.  So  many  practical  difficulties  were  encountered  it  has  been  found 
that  for  these  observations  to  have  value  they  should  be  made  by  a 
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field  party  eispeci&Uy  equipped  for  the  purpose  aod  provided  witli  appii- 

anoes  such  as  are  nu^ly  at  hand  in  niaking  ordinary  meter  mea^ore- 

meots. 

A  few  such  measuremeDts  were  nuide  dnrinip^  the  past  seadou  by 

p  different  liydro^^phera^  and  they  will  bow  be  considered*     The  fot 

lowing  abbre%natloiiB  will  be  used  in  thin  connection:  I>=diseharg^; 

A=area,  in  squan*  feet;  V=velDCity,  in  feet  perseeond;  W= width,  U 

A 
feet^  or  practically  wetted  perimeter;  R=  ^^  hydraulic  mean  radius; 

f  B=slope;    n=coefficieiit  of   rongliness.     Kntters    formnla  has  the 
form  V=cVR  S,  in  which  C  is  a  constant  to  be  foand. 

I  Etowah  River  alCarUon^  (}eorgia.^^n  September  5, 1809,  B.  M.  Hall 
made  a  survey  of  this  river  to  find  the  cx)rreet  valne  of  n  for  a  1,500- 
foot  section  along  the  stream.  After  measuring  1,500  feet,  runnuig 
levels,  and  placing  temporary  gage  at  upper  i>oint,  he  did  not  have 
time  to  make  a  discharge  measurement,  but  applied  the  slope  to  the 
n^asurement  made  August  28,  181*7,  when  the  following  were  found: 

I  Gage  height,  0,S0  foot;  area,  423  square  feet;  mean  velocity,  \Ml 
feet  per  second;  discharge,  449  eeeond-feet,  Tlie  slope  was  Oj>t>  foot 
in  1,500  feet=aOilO(H.  W=115i  thei^fore  K= ^^=3.68,  and  ^R  S= 
0.012132.  Substituting  in  the  formula  Y=C-/RS,  we  get  C=^7.4, 
and  from  the  table  in  Trautwinej  17th  edition,  page  276,  we  find 
n=0.02:^. 

Lnup Mirer  al  CoIunthiiSj  JVffcrflsM.—A  series  of  slope  raeasurementi 
to  dek>rmine  the  value  of  n  wore  nifide  by  Glenn  E.  Smith,  under  tk 
direction  of  Prof.  O.  Y.  R  Stout,  of  the  University  of  Nebraska,  at 
the  gaging  st-atton  on  Loup  River.  Gage  heights  were  taken  on  two 
gages,  the  auxiliarj^  j^aj?^  Iwing  placed  l,20t^  feet  downstream  from 
the  main  gage  rmL     Tlie  folio sving  were  the  three  obsei*vations: 

Metimirfment^  of  Laup  River  at  ColumbfM,  Nebraska, 


r^to. 

Main 

hower 

WldtlL 

Area, 

Mean 
velodtj. 

ttochsrsre.. 

R 

180fi. 
Sept.     3 
S4?pt  17 
Oct.      5 

4.40 
4.40 
4.60 

3.30 
3.31 
3.53 

535 
525 

875  , 

826 

953 

Frttjicr 

Bet^ond. 

2.17 

2,23 

2.53 

1,840 

2,402 

L67 
1.57 
1.81 

The  following  are  the  computations  for  the  three  days:  Septeml>^^ 
3:  S=j-^=0.00093;  R=1.67;  V=2.17.  Substituting  in  the  for- 
mula V=C\/R  S,  we  obtain  C=55.0,  and  from  the  table  n=:0.028. 

September  17:  S=0.0009I;  R=1.57;  V=2.23.     C,  therQfore,  =59^<^ 
andn=0.02a, 
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October  5:  8=0.00090;  R=1.81;  V=2.52.  C  is  foand  to  equal  in 
this  case  62.3  and  n  =  0.026. 

Niobrara  River  ai  Fart  Niobrara^  Nebraska. — ^The  following  table 
shows  the  lesnlts  of  similar  measurements  made  on  this  river  under 
the  direction  of  Professor  Stout  All  gage  heights  are  referred  to  the 
sero  of  the  main  gage.  The  upper  auxiliary  gage  is  600  feet  above 
and  the  lower  auxiliary  gage  600  feet  below  the  main  rod. 


Meaturements  of  Niobrara  River  at  Fort  Niobrara,  Nebraska. 

Date. 

Main 

Upper 
ga«e. 

gage,    j    ^^~- 

Mean    j     Dis- 
relocity.'  charge. 

Width. 

R 

1899. 
Ang.  30 
Sept  13 
Sept  26 
Oct     7 
Oct   20 

Feet. 
1.35 
1.15 
1.05 
1.15 
.80 

Feet. 
2.32 
2.20 
2.10 
2.05 
2.08 

1  Square 
Ftet.          feet. 
0.60           196 
.60  1        200 
.40          198 
.55  1        215 
.30          199 

Feet  per 
»econd. 
3.57 
3.47 
3.70 
3.61 
4.27 

Second- 
feet 
700 
695 
732 
776 
849 

F^t. 
154 
154 
154 
154 
154 

1.27 
1.30 
1.29 
1.40 
1.29 

As  there  were  three  gages  read,  three  different  slopes  can  be  deter- 
mined, as  follows:  Between  the  upper  and  middle  gage,  between  the 
middle  and  lower  gage,  and,  finally,  between  the  upper  and  lower 
gage.  They  do  not  oorrespond  well,  as  shown  in  the  table  immedi- 
ately following,  the  slope  between  the  middle  and  lower  gage  being 
constantly  less  than  the  slope  between  the  upper  and  middle  gage, 
and  of  course  the  slope  between  the  upper  and  lower  gage  is  the  mean 
between  them. 


Comparison  of  slope  measurements  at  Fort  Niobrara,  Nebraska. 

Gagerod. 

Ang.aa 

Sept.  13. 

Sept.  20. 

Oct,  7. 

Octaa 

Upper  and  middle 

Middle  and  lower.... 
Lower  and  npper 

0.00161 
.00125 
.00143 

0.00175 
.00091 
.00133 

0.00175 
.00109 
.00142 

0.00150 
.00100 
.00125 

0.00218 
.00088 
.00148 

The  following  determinations  of  the  values  of  C  and  n  are  based  on 
the  slope  as  found  by  the  readings  on  the  upper  and  lower  gages. 
The  computations  are  not  carried  out,  but  the  results  are  shown  in 
the  following  table: 

Table  showing  values  of  C  and  n. 


1899. 

August  30 

September  13 

September  26 

October? 

October  20 

36 2 


84.1 

0.018 

83.5 

.018 

86.8 

.018 

86.5 

.018 

97.7 

.016 
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On©  comparison  is  made  between  the  values  of  C  and  n  as  deter- 
mined by  considering^  the  three  different  slopes  for  a  single  me^astire- 
ment,  and  for  this  purpose  the  ^agin^  on  September  13  is  used.  On 
this  dat^  R===L30;  V=3.47;  S,  for  upper  and  middle  g^e,  =0-00175; 
C  is  found  to  ectoal  73.5  and  n  0.020.  For  middle  and  lower  rod^ 
S=0.00091,  and  C,  therefore,  =101. 0,  and  n=  0.015.  The  foUowiug 
table  shows  these  valaes  of  C  and  n  for  the  three  slopes  on  Septem- 
ber 13: 

Table  Bh^tting  value»  of  €  a*wf  n  on  B^^ttmber  iS,  1S!>X 


Oagi^rod. 

C 

n 

trpper  and  middle  .  ._ , 

Middle  and  lower ,,      ^     .       *** 

73.5 
101.0 

ea,5 

0.020 
.015 
.018 

Lower  and  npper    . 

For  comparison  with  re#iults  obtained  on  Sopteml>er  13  it  is  assumed 
I    that  the  slope  determined  was  made  between  the  upper  and  lower 
gages  0.00133.     Substituting  in  Kntter's  formula  the  value  of  n,  as 
found  from  the  determinations  of  the  slope  of  the  upper  and  middle 
rod,  we  get  a  diseharg^e  of  840  second- feet.     Assuming  the  same  slap6 
I    as  aliove — that  is,  between  the  upper  and  lower  rod — and  taking  the 
r  valocf  of  n  as  found  between  the  middle  and  lower  rod,  =0,015,  ami 
substitntijag  again  in  Kutt«r^s  formula,  we  get  a  discharge  of  Blfl 
second-feet.     These  latter  results  are  not  satisfactory.     In  this  case, 
with  0.015,  0.018,  0,020  as  the  three  assumed  values  of  n,  we  get  dis- 
charges of  filO,  0tJ5,  and  840  second-feet,  respectively.     The  measured 
discharge,   a?i   determined  l>y  current  meter,  for  this  date  was  G95 
second-teet. 

Readings  on  slope  gages  were  taken  for  a  short  period  in  1806  on 
Frenchman  River,  at  Palisade,  Nebraska,  as  shown  in  the  Eighteenth 
Annual  Report,  Part  IV,  page  198,  and  in  Wat^r-Supply  Paper  No. 
11,  page  56. 

Bear  River  at  Battlecreeky  Idaho ^  and  Collinston^  Utah, — Measure- 
ments of  the  fall  of  the  surface  of  Bear  River  at  Battlecreek,  Idaho, 
and  at  Collinston,  Utah,  were  made  by  Prof.  Samuel  Fortier.  Stakes 
were  driven  into  the  channel  of  the  stream  about  10  feet  from  each 
shore  line,  at  points  100  feet  below  and  100  feet  above  the  cable  sus- 
pended across  the  stream.  These  four  stakes  were  pointed  on  the  top 
and  driven  about  1.5  inches  below  the  surface  of  the  water.  A  small 
wire  nail  was  driven  into  the  top  of  each  stake  until  leVel  with  the 
surface  of  the  water,  allowance  being  made  for  the  pulsation  of  the 
surface.  The  elevations  of  the  tops  of  these  nails  were  then  carefully 
ascertained  with  a  level. 

At  Battlecreek,  Idaho,  the  bed  of  Bear  River  consists  of  clay  near 

the  right  bank,  small  cobblestones  in  the  center,  and  gravel  and  peb- 

bles  near  the  left  side.     The  banks  are  somewhat  irregular.     The 

fall,  S  =  0.00062;  water  area,  A  =  44ii  aqyva^^  feet-^  mean  velocity, 
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=  2.36  feet -per  second;  hydraulic  mean  radius,  R  =  2.31;  wetted 
rimeter,  191  feet;  n  =  0.027;  C,  in  Chezy's  formula,  62.58;  the  dis- 
arge,  D,  was  1,046  second-feet. 

At  Collinston,  Utah,  the  bed  of  Bear  River  consists  of  cobble  rock 
Dnes  and  bowlders.  The  fall  was  found  to  be,  S  =  0.00131 ;  A  =  427 
Luare  feet;  V=  2.333  feet  per  second;  R  =  1.58;  wetted  perime- 
T,  270;  n  =  0.029;  C,  in  Chezy's  formula,  51.28;  the  discharge,  996 
5cond-feet. 

ESTIMATION   OF  DISCHARGES  AT  MILLDAMS. 

On  rivers  which,  like  those  in  New  England,  have  been  used  for 
vater  power,  it  is  often  difficult  to  find  a  section  where  measurements 
^th  the  current  meter  can  be  readily  made.  The  milldams  placed  at 
ihort  intervals  back  up  water  or  introduce  conditions  unfavorable  to 
lirect  measurement  of  flow.  On  the  other  hand,  the  facilities  at  the 
uilldams  are  often  excellent  for  noting  the  height  of  water,  as  gages 
ire  frequently  maintained  in  the  interest  of  the  mill  owners.  In  a 
lumber  of  cases  where  controversies  have  arisen  concerning  water 
)ower  or  there  now  exist  contracts  for  the  division  of  the  available 
low,  elaborate  computations  have  been  made  showing  the  discharge 
)ver  the  dams  and  through  the  various  openings  leading  to  the  mill 
'wheels.  Occasionally  these  computations  of  flow  are  sufficiently 
xtensive  to  have  general  interest  in  showing  the  run-off  from  a  given 
minage  area,  but  more  often  the  results  are  fragmentary. 

Probably  the  earliest  and  most  thorough  determination  of  the  flow 
f  a  river  by  estimating  the  amount  taken  by  mills  and  passing  over 
le  dam  is  that  begun  by  Mr.  J.  B.  Francis  over  a  half  century  ago 
I  the  Merrimac  River  at  Lawrence,  Massachusetts.  This  may  be 
^nsidered  as  the  model  of  all  attempts  of  this  kind.  Similar  com- 
itations,  based  upon  the  Francis  formula,  have  been  made  on  other 
ew  England  streams,  notably  on  Connecticut  River  at  Holyoke,  Mas- 
cbusetts,  and  on  Kennebec  River  at  Waterville,  Maine.  The  un- 
rtainty  as  to  the  application  of  certain  constants  or  factors  is  such 
at  estimates  of  this  kind  are  apt  to  be  misleading  unless  made  by  an 
igineer  thoroughly  familiar  not  only  with  the  fundamental  data,  but 
ith  all  of  the  varying  local  conditions.  In  order  to  make  computa- 
)n8  of  daily  discharge  and  correction  for  changes  in  the  conduits 
verting  water  above  the  dam,  it  is  necessary  to  maintain  records  of 
krious  facts  besides  the  height  of  water.  To  facilitate  the  keeping  of 
ich  records  blanks  have  usually  been  pi'epared  with  a  space  for 
itering  the  depth  of  water  on  the  crest  of  the  dam,  and  the  length  of 
is  in  linear  feet — especially  when  modified  from  day  to  day  by  the 
ie  of  flashboards.  These  records  of  depth  are  usually  made  night 
id  morning,  and  occasionally  are  noted  every  two  or  three  hours 
Toughout  the  day.  Besides  these,  spaces  are  provided  for  reading 
e  height  of  water  at  the  headrace  and  tailrace  of  each  mill,  giving 
bta  for  the  working  head  on  the  water  wheels.    TbA  ui3mk^ic  q1 
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;  wliei^l^  the  »It^  and  kiiHl,  the  number  of  hours  operate,  and  other 
i£iets  eoneerfiing  Umir  use  are  also  inTen^  m  order  to  compote  ihB 
prabablo  How  thrciugh  ea^li  whe^l  and  add  ttuii  to  the  amount  pacing 
orer  tho  dam.  Ck»rrf)ell0iia  muBt  usitally  be  introdnced  for  kakag© 
I  and  for  the  amount  tieeaping  thmngfi  waste  wa^rs.  It  is  evident  that 
for  any  piven  locality  irith  «  nomber  of  mOL**  the  reeordiiigof  the  facte 
not  (*n!j  reqnires  care  and  time,  iTot  some  display  of  intelligent^  on 
the  i>art  of  Ui©  workmen,  to  whom  the  recording  is  necessarily 
iDtmeted. 

All  of  the  conditionn  above  noted,  and  the  nneertainty  regaffiin^ 
aeeuraey  of  ihe  eonstanta  i3j§ed  in  the  computation.s,  t^nd  to  make  tlx^ 
eattniate^  not  only  eompUcated,  but  introduce  more  or  less  doiil>l  as 
tfj  the  vabw?  of  the  n^nlta.  This  is  particularly  true  when  there  aro 
a  number  of  mills  taking  water  from  the  Impounded  river  and  in  f^m- 
iMinH  of  low  Wftt4?r  w\wn  the  jo^yitrer  proportion  passes  through  the  mill 
wheels.  At  a  number  of  localities  where  snch  estimates  are  mado  all 
of  the  water  enters  the  mill  races  during  the  summer,  leaving  the 
crot^t  of  the  dam  dry, 

£j9timato8  of  the  flow  of  streams  at  milldams  have  been  reeeiiUf 
extended  to  eertain  streams  in  Kew  York,  most  of  which  are  triba- 
tarj'  Uj  Mohawk  River*     ITiese  were  begun  in  October^  1808,  by  Mr. 
George  W,  Rafter,  who  was  at  that  time  employed  on  special  wllte^ 
supply  investigations  for  the  ITnited  States  Board  of  Engineers  (ffl 
Deep  Waterways,     This  lioard,  consisting  of  three  engineers  destg-  - 
nated  by  the  President,  one  from  the  Engineer  Cor|>s  of  the  United  1 
States  Army,  one  from  the  Coast  and  Geodetic  Survey,  and  one  from   ' 
civil  life,  wa?4  authorised  by  act  of  Ck^ngress  approved  June  4,  Wfi 
(30  Stat,  L.,   50),     Its  purpose   is  to  make  surveys  and  exiuuiua- 
tions,  including  estimates  of  cost  of  deep  waterways  between  the  Great 
Lake^  and  the  Atlantic  tide  waters^  a^  reeommendcHi  hy  the  report  of 
the  Deep  Water  way  8  Com  miss  ion,  transmitt-ed  to  Congress  on  Januaij 
18, 1B9TJ     The  work  of  the  lx>ard  was  continue<1  by  the  act  of  July  1, 
1898  (30  Stat.  L.,  03ii},  pnividin^  thai  estimates  should  be  prepared 
for  cost  of  wat-f^rways  i?l  rind  30  feet  in  depth,  and  by  act  of  March  3, 

ism  (:jostHt  L^,  1109), 

Under  the  direetion  of  Mr.  Rafter  about  20  stations  for  studying 
sources  of  supply  for  det^p  waterway n  have  been  established  in  the 
State  of  New  York>  the  loentions  of  which  arc  shown  by  ii*;.  li',  on 
page  79  of  Part  IV  of  the  Twentieth  Annual  Report  of  the  Geologic4il 
Survey. 

In  each  case  these  points  of  measurement  are  at  dams  built  to  fur- 
nish power  for  mills,  or  constructed  by  the  State  for  supplying  water 
to  the  Erie  Canal  and  its  feeders.  The  dams  thus  employed  as  weirs 
are  of  various  sections  and  materials.  A  few  are  of  stone,  solidly  built, 
but  most  aro  of  timber.     Some  of  the  latter  are  tight,  while  others 

'Report  of  the  United  SUtes  Deep  Waterways  Commission,  prepared  at  Detroit,  Michigan. 
December  13^  1896^  HooM  Doo,  No.  198,  Fifty-touTtYiConsrQea,%dco\id  session. 
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leak,  and  in  these  eases  estimates  have  been  made  of  the  quantity 
flowing  through  the  dam.  Usually  the  estimate  was  made  at  the 
establishment  of  the  river  station,  and  leakage  was  considered  as 
being  constant.  In  a  few  instances  current-meter  measurements  were 
made  of  the  leakage,  and  the  quantity  found  was  used  as  a  correction 
in  the  computations. 

In  examining  the  dams  in  the  rivers  it  was  found  that  many  of  them 
were  irregular  in  longitudinal  profile  of  crest.  In  a  number  of  cases 
they  wei'e  so  repaired  as  to  give  a  horizontal  crest,  but  at  several 
localities  it  was  impossible  to  eliminate  this  irregularity.  In  these 
cases  a  careful  profile  of  the  crest  was  plotted  and  divided  into  parts 
in  such  a  way  that  the  crest  of  each  portion  could  be  considered  as 
horizontal  without  introducing  serious  errors.  Computations  were 
then  made  of  the  flow  through  each  section  irrespective  of  its  neigh- 
bor, and  the  quantities  in  all  sections  were  added  together  to  give  the 
total  flow  over  the  dam.  These  computations  were  made  for  different 
heights  of  wat^r  and  plotted  graphically  with  the  head  on  the  crest  in 
feet  as  ordinates  and  the  discharge  in  second -feet  as  abscissas.  A 
smooth  curve  was  then  drawn  through  these  points,  from  which  dis- 
charges have  been  read  for  various  heads.  In  a  number  of  instances 
these  curves  have  been  revised,  using  coefficients  determined  at  a 
later  time. 

In  order  to  compute  the  discharge  over  dams,  it  is  necessary  to  make 
certain  assumptions  or  employ  coefficients  obtained  by  experiment. 
The  coefficients  for  determining  the  flow  over  broad-crested  weirs 
are  somewhat  uncertain,  especially  with  high  heads.  The  most  reli- 
able coefficients  are  those  determined  by  experiments  of  Bazin's,  pub- 
lished in  the  Annales  des  Fonts  et  Chaussees.*  In  those  experiments 
the  head  on  the  crest  of  the  weir  never  exceeded  1^  feet.  As  the 
coefficients  over  broad-crested  weirs  vary  considerably  with  the  head, 
it  is  a  matter  of  judgment  what  coefficients  to  apply  when  the  heights 
exceed  those  experimented  upon  by  Bazin.  Profiles  of  the  dams  as 
constructed  in  the  river  seldom  correspond  exactly  with  the  profile 
for  which  the  coefficients  were  determined.  For  each  case  it  is  neces- 
sary to  assume  an  experimental  profile  which  corresponds  most  closely 
with  the  measuring  dam.  In  order  to  eliminate  these  two  sources  of 
error,  experiments  were  instituted  at  Cornell  University  to  determine 
coefficients  for  experimental  flat-crested  weirs  as  used  by  Bazin  with 
heads  on  crest  as  high  as  6  feet,  and  also  upon  other  forms  of  weirs 
corresponding  to  those  of  the  dams  over  which  measurements  are 
made.^ 

In  making  these  experiments  the  first  question  that  arose  was  to 
determine  the  actual  quantity  of  water  flowing  over  the  experimental 

>  Annaliw  dee  Fonts  et  Chanas^es,  Ire  partie,  1808, 2e  Trimestrcs  Na  24,  p.  151  to  264.  Exp^riencea 
NoaTeDee  snr  Tl^oovilemeiit  en  D^yenolr  (6e  article),  par  M.  H.  Basin,  Inspjactenr  g6n6ral  dee 
Fonts  et  Chaoasftes. 

*On  flow  of  water  over  dams,  by  George  W.  Bafter:  Proc.  Am.  Boo.  Qi'V.  'Bxi«.«  VasOoOSKfK 
VoL  XXVI,  Na  8,  iip,  SWnazlt 
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tldi  m  ihayp-cgMted  weir  was  eonstroctect  oC 
>  dhMnnioM  m  tbal  «pgffiBont€il  vpoa  by  Baztn,  for 
vUA  be  (Btaiii)  tias  piibliAh«4  aarttrate  etoelSeieiits.     Bazltt^a  eoefE* 
for  tkis  iittfp-CTCMt«l  ««tr  wvw^  dcletmiMd  onfy  for  small 


In  anW  lo  f»btatii  arcamU?  ooeSeiaili  for  shnrp-f^rfisl^  wetm  fur  a 
gn^iter  b(?ttcl«  iiiicf4Jii9r  writ  i*f  thmter  ligiftli  wan  pUe«^  below  ili<^ 
Bmxin  weir  in  lh«>  «iiit>«»  iltiinr*.  Koowiiig  tli^  lu^ttial  qtiatittty  floiAing 
lyf^er  ilw  BasiJ]  w^ir,  aod  cjirr)  mg  Ih^  hei^it  un  crest  t4>  the  limit  of 
tlie  Bmdn  eJCpertmeiili^T  it  wiui  ptMi^ible  to  detomiljie  eoeffieiente  for 
«}uir|M?r«^^l^  w^ni  for  h^adu  am  hif  h  &s  about  ti  feet>  The  coeffie lente 
itetemtinM  frfim  IhU  sr^eond  *4har|>«epeet4?4  wi^ir  were  then  used  tci  find 
the  a<!tual  qiuyiUCy  wf  water  flowing  over  all  expert  mental  seetioits 
naetl  thi^retaftrr*  Gat««  Wert?  »o  arranged  thai  the  qaantiCy  of  wat^r 
flowing  lo  the  flnmi^  coald  li«  varied  at  will,  and  starting  with  a  high 
hea^l  the  water  was  fmdnaJl^  rednc«?d  in  qoantity,  reducing  thereby 
tlie  bead  tm  the  oriMt  to  ^^rn.  The  gates  were  allowed  to  remain  in 
eaich  of  the  eight  or  ten  po^itionH  from  ten  niinntes  to  an  hour,  m 
that  the  flow  for  that  interval  was  c^jn«rtant.  By  reading  the  head 
of  the  Bharp-crested  weir,  the  water  fiom-ing  al  the  given  width  of 
gate  op^^ning  could  lie  determined.  At  the  same  time  the  head  on 
tlm  WiJerimental  weir  was  read  and,  noting  the  qaantitj",  the  t^effi- 
eientfi  oompnted  for  ase  in  the  formula  q^CLH*.  In  this  formubi 
O  =  ni^2g  of  Ba3£m*«  formula.  One  run  was  made  for  each  ex[>eri- 
ment^l  weir,  and  eight  or  ten  points  of  the  curve  were  d**termiTied. 
The  expenmentai  weir,  whicn  was  constructed  oi  wood,  was  then  Xroni 
out  and  one  of  another  section  put  in  its  place.  ^Vhen  all  worked 
well  it  required  one  day  for  experimentation  on  each  section.  ExiK^r- 
iments  were  made  on  forms  of  weirs  corresponding  to  nearly  all  of 
the  dams  over  which  the  flow  was  measured.^ 

Practically  all  the  computations  of  the  flow  of  streams  made  by  the 
Board  on  Deep  Waterways  had  been  completed  before  these  coefficients 
for  high  hea<ls  were  determined,  so  that  Bazin's  coefficients  were  used 
iiistead  of  the  Cornell  coefficients,  although  in  Mr.  Rafter's  opinion 
the  Cornell  coefficients  would  be  more  accurate.  It  was  proposed  to 
recompute  back  records,  using  the  Cornell  coefficients,  but  lack  of 
time  and  funds  have  prevented.  The  monthl}'  totals  have,  however, 
l)een  approximately  corrected.  There  are  some  discrepancies  IxHweeu 
Bazin's  and  the  Cornell  coefficients,  even  for  low  heads,  Avhich  are 
attributed  to  difference  in  the  construction  of  the  experimental  weirs 
and  the  consequent  action  of  the  air  cushion.  It  is  possible  that  the 
conditions  in  the  Cornell  experiments  are  nearer  those  in  actual  dams. 

As  has  Iwon  stated,  most  of  the  measuring  stations  are  dams  fur- 
nishing power  for  mills,  and  of  course  a  large  quantity  of  water  passes 

•On  flow  of  WAtor  over  damii,  by  George  W.  Rafter:  Proc.  Am.  Soc.  Civ.  £ng.,  March,  19(», 
Vol  XXVh  No.  8,  pp.  «»^0. 
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hroagh  the  mill  race  and  wheels  aod  oot  over  the  dam.  In  order  to 
letermine  this  qnantity  of  water,  gages  are  used,  as  before  noted, 
fcbove  the  wheels  in  the  headrace  and  below  the  wheels  in  the.  tailraoe» 
lo  that  by  simultaneous  readings  the  head  on  the  wheels  at  any  time 
nay  be  determined.  The  size  and  type  of  wheels  used  in  each  mill 
md  the  dimension  of  the  gates  were  ascertained.  In  many  cases, 
especially  in  the  case  of  new  wheels,  records  of  careful  ratings  made 
it  Ilolyoke,  Massachusetts,  were  obtaimnl  for  the  particular  wheels 
ustalled  in  the  mills.  Where  these  could  be  obtaineil  they  wen*  used 
o  determine  the  flow  through  the  wheels.  In  other  castas  it  was  ueces- 
»ry  to  rely  upon  the  figures  published  in  the  tnvde  catalogues  for  the 
quantity  of  water  flowing  through  the  various  wheels  at  the  various 
leads,  although  these  quantities  are  not  always  accurate.  In  some  of 
ihe  headraces  there  are  overflows  which  must  l)e  taken  into  ai.H.H)unt 
iS  the  head  increases,  and  over  which  the  flow  is  somewhat  uncertain. 
SVhen  the  State  dams  were  used,  as  in  most  cases,  in  New  York  the 
low  through  the  canal  feeders  was  meiisureil  once  and  assumed  to 
3e  constant  thereafter. 

The  following  table  gives  a  list  of  the  New  York  streams,  t\ie>  flow 
>f  which  has  been  computed  as  described  above.  Their  drainage  areas 
ire  also  given.  The  numbers  in  the  first  column  are  those  shown  in 
aie  Twentieth  Annual  Report,  Part  IV,  fig.  12,  where  the  location  of 
}he  points  of  observation  is  given. 


breams  measured  by  the  United  States  Board  of  Engineers  on  Deep  Wateruxiys. 
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streams. 

Loddlty. 

Drainage 
area. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

Seneca  River 

Baldwinsville. 

Sq.  mUes. 

8,108 

4,916 

807 

69 

Oswego  River 

Fulton 

Chittenango  Creek 

Oneida  Creek 

Bridsreport . 

Kenwood 

Wood  Creek 

Fish  Creek,  west  branch  . . 
Fish  Creek,  east  branch. . . 
Salmon  River        

Near  mouth . . 

McConnellsville 

187 

104 

191 

158 

68 

144 

•     141 

52 

519 

1,306 

256 

81 

40 

947 

3,385 

4,500 

Above  Point  Rock 

About  1  mile  above  falls  . . 

Ridge  Mills 

1  mile  below  Stittville  .... 

State  Dam,  Oriskany 

Coleman 

New  York  Mills 

Middleville 

Mohawk  River 

Ninemile  Creek 

OriflkftTiy  Greet 

do.r...   

Sanqnoit  Creek 

West  Canada  Creek 

Mohawk  River 

Little  Falls-. 

Dol^ville 

3  miles  above  the  Mohawk. 

Below  Johnstown 

State  Dam,  Fort  Hunter  . . 
State  Dam,  Rexford  Flats. 
Mechanicville        

East  Canada  Creek 

Garoga  Creek 

Cayadutta  Creek 

Schoharie  Creek 

Mohawk  River 

Hudson  River 

do 

Schroon  River 

Fort  Edward 

Warrensburg 

568 
1,389 

Black  River 

Watertown 

F 

■    Tbo  TvmnllM  obtnltuNl  at  OkB  localities  named  above,  from  September, 
pld0#»  to  May,  lS99p  liidiMJive,  m  cmnputed  by  Mr,  George  W.  Rafter, 
are  given  in  l.b<'  folhiwlng  table.     The  utimbefs  in  the  first  colamn  of 
the  preceding  table  refer  to  the  same  numben^  in  this  table: 

f  S*tintnt4^i  monihlif  ttist^har^  €tf  tHirvoiu  Se^  York  rimm  m  ct^HC  feei  per  ^eeand^ 
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TtJKBIDlTY. 

Many  attempts  have  been  made  to  determine  the  amount  of  sill 
carried  by  water  in  suspension,  but  as  a  rule  these  necessitate  elabo- 
rate operations  of  filtering,  drying,  and  weighing.  One  of  the  most 
convenient  methods  for  field  work  is  that  recently  applied  by  Mr. 
Allen  Hazen,  who  has  prepared  an  arbitrary  scale  dependent  upon 
the  degree  of  opacity  of  the  water.  Observations  of  turbidity  are 
taken  by  putting  a  stick  into  the  water  under  examination  and  noting 
the  distance  beneath  the  surface  at  which  a  given  object — usually  a 
small  wire — can  be  seen.  The  turbidity  is  then  read  from  a  scale 
graduated  on  this  stick.  This  is  most  conveniently  accomplished  by 
having  a  second  or  smaller  stick  placed  in  front  of  the  first,  the  end 
of  which  is  brought  to  the  water  line  at  a  point  where  the  wire  can 
just  be  seen.  Upon  removing  the  two  together  the  i)osition  of  the 
smaller  stick  on  the  scale  gives  the  turbidity. 

Observations  are  taken  in  the  open  air,  as  too  high  results  are 
obtained  under  a  roof,  even  with  good  light.  They  preferably  should 
be  made  in  the  middle  of  the  day,  and  not  in  direct  sunlight.  In 
case  the  sun  is  shining  the  observer  can  stand  so  that  his  shadow 
covers  the  water  immediately  above  the  stick  and  wire.  The  observer 
stands  erect  with  his  feet  a  little  above  the  water,  although  some 
variation  in  this  respect  does  not  materially  influence  the  results. 


MAINS. 
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The  stick  should  be  abont  5  feet,  long  and  five-eighths  of  an  inch 

square.     A  platinum  wire  should  be  inserted  at  a  point  about  1  inch 

from  the  end  at  rightangles  and  projecting  1  inch.     This  wire  should 

be  about  0.04  inch  in  diameter.     The  stick  is  then  graduated,  the 

figures  being  inversely  proportional  to  the  distances  from  the  wire, 

1.00  coming  at  1  inch.     The  following  table  gives  the  graduations  up 

to  50  inches: 

Scale  of  turbidity. 


Turbidity. 

1    Inches. 

Turbidity. 

Inches 
10.00 

11.11 

12.50 
14.30 
16.70 

Turbidity. 

2.00 

1.50 

1.20 

1.00 

.50 

J       0.50 
.66 
.83 

.;          1.00 

.'      2.00 

0.10 

.09 

.08 

.07 

.06 

0.05 

.04 

.03 

.02 

.01 -- 

Inches. 


20.00 
25.00 
33.80 
50.00 
100.00 


>i>:asi'ke3£*:xts  at  RrvT^:R  stations. 

KENNEBEC   RIVER   AT   WATERVILLE,  MAINE. 

This  river  has  been  described  by  Prof.  Dwight  Porter  in  tlie  Nine- 
teenth Annual  Report,  Part  IV,  jwiges  65  to  84,  the  general  location 
of  the  stream  being  shown  on  Plate  IX.  Computations  of  discharge 
at  Waterville,  Maine,  were  made  by  Mr.  Sumner  Hollingsworth  from 
about  1892  to  the  time  of  his  death,  which  occurred  June  27,  1899. 
Additional  figures  have  been  furnished  by  Mr.  James  L.  Dean,  engi- 
neer of  the  Hollingsworth  &  Whitney  Company,  a  slightly  different 
system  of  computation  being  employed  by  Mr.  Dean,  as  it  has  been 
impracticable  to  introduce  the  corrections  made  by  Mr.  Hollingsworth, 
the  principles  upon  which  he  worked  not  being  fully  roconied.  Cor- 
rections were  probably  made  for  loss  of  head  in  the  tailraco  and  leak- 
age. The  figures  of  daily  discharge  from  1892  to  August  31,  1898,  as 
computed  by  Mr.  Sumner  Hollingsworth,  are  given  in  Water-Supply 
Paper  No.  27,  page  14;  those  subsequent  to  the  above  date  have  been 
furnished  by  Mr.  Dean. 

Concerning  those  for  1890,  Mr.  Dean  states  that  the  figures  subse- 
quent to  May  1  have  not  been  computed  with  the  same  care  as  pre- 
vious records,  but  they  are  believed  to  1)0  corn^ct  for  most  practical 
purposes.  The  discharge  over  the  dam  was  computed  as  usual,  but 
that  from  the  wheels  was  not  estimated  separately  for  each  day,  using 
the  head  of  each  wheel,  and  the  speed  of  rotation,  as  heretofore  done. 
Instead  of  this  the  average  performance  was  taken.  A  comparison 
of  gage  readings  and  water  discharges  shows  little  connection,  as 
dashboards  are  used  on  the  dam.  The  Sunday  flow  is  also  irregular, 
*8  the  mill  at  Waterville  is  sometimes  operated  Saturday  night,  draw- 
^g  the  water  from  the  pond,  so  that  there  is  no  flow  except  leakage 
^^  Sunday.  During  the  seasoh  of  low  water  there  is  usually  less 
passing  on  Sunday  than  on  week  days,  as  at  many  mills  on.  tSx^ft  xVN^t 
the  dams  are  closed  in  order  to  All  the  ponds. 
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ANDROSCOGGIN  RIVER  AT  RUMFORD  FALLS,  MAINE. 

This  river  receives  the  drainage  from  the  Rangeley  and  other  lakes, 
near  the  border  line  between  Maine  and  New  Hampshire.  It  flows 
in  a  general  southerly  and  southeasterly  direction,  descending  with 
rapid  fall  and  furnishing  considerable  power.  It  is  described  by 
Prof.  Dwight  Porter  in  the  Nineteenth  Annual  Report,  Part  IV,  pages 
84  to  97.  The  discharge  at  Rumford  Falls  since  1892  has  been  ascer- 
tained by  Mr.  Charles  A.  Mixer,  resident  engineer  of  the  Rumford 
Falls  Power  Company.  Figures  of  daily  discharge  up  to  the  end  of 
December,  1895,  have  been  printed  in  Water-Supply  Paper  No.  27, 
pages  11  to  14.  The  table  is  continued  for  the  yeara  1896  to  1898  in  the 
Twentieth  Annual  Report,  Part  IV,  pages  67  to  69.  These  figures  are 
obtained  by  adding  the  actual  measured  quantities  passing  through 
the  wheels  and  the  computed  flow  over  the  dam,  using  the  customary 
Francis  weir  formula. 

Mr.  Mixer  lias  prepared  a  table  giving  the  departure  of  the  precipi- 
tation of  1899  from  the  normal,  which  is  taken  at  43.41  inches,  showing 
that  for  this  latter  year  there  was  only  31.58  inches,  or  a  deficiency  of 
27  per  cent.  This  emphasizes  the  importance  of  water  storage,  not 
only  for  such  rare  periods,  but  also  for  equalizing  the  fluctuations 
from  month  to  month  during  every  year.  The  lowest  monthly  run-ofl^, 
0.71  inch  in  depth,  was  in  August,  the  month  of  greatest  evaporation. 
At  this  time  the  run-off  was  0.07  inch  more  than  the  precipitation. 
The  lowest  daily  discharge  for  the  year,  1,124  second-feet,  was  0.48 
second-foot  i)er  square  mile.  The  total  annual  run-off  averages  53  per 
cent  of  the  total  precipitation  as  measured  at  Rumford  Falls;  but  in 
1899  the  percentage  rose  to  59,  the  increase  presumably  being  due  to 
storage.  The  records  of  precipitation  have  not  been  kept  for  a  suffi- 
ciently long  period  to  give  a  wide  range  in  fluctuation,  but,  judging 
from  the  effect  on  the  wells,  there  hfis  been  no  such  period  of  drought 
for  from  fifty  to  seventy-five  years. 

Ccnnjjarison  of  rainfall  at  Rumford  Falls,  Maine, 
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OOHfiOaSBlCOHTEE  iOTEH   AT   BBSEBVOIB  DAM   NEAB  AUGUSTA, 

MAINE. 

Tltm  Hirr^am  ff'oeivf;s  Inp  overflfiw  from  a  group  of  lakes  lying  from 
fi  U>  !**>  iriiltin  wciHt+^rly  from  Auj^fUtttaj  Maiiii%  and  empties  into  Kennebec 
Riv*?r  8  inlU'H  ht^low  that  city.  It  is  deHoril>e*J  by  Prof.  D wight  Porter 
h)  thf^  Nineleoiilh  AnTiual  ReixiH,  Part  IV,  pagc^  79.  A  record  of  I  he 
wiiU*r  f^aHKtn^  thi*  apiM^r  dam  on  this  at  roam  has  bec^n  furnished  hy 
Mn  Al**xundor  II.  Twrinihly,  enginc^er  of  yie  Forest  Paper  CompaiiV* 
Yarrnoiitfi vlUfS  Maine,  At  th*^  reservoir  dam  are  gates  by  which  the 
Hupply  of  wati^r  for  the  mill  ih  j^t^fJ^vilaUnl,  and  thei-e  is  also  h  water 
vvtje<4  wiii<*}j  oporale*4  a  pumping  stiition.  When  thiB  wheel  iij  In 
t)|H'ration  the  regulating  gatm  are  shut  down  enough  to  deliver  a  can- 
Hiaiit  MU|j|jly  of  water  to  the  mill,  as  shown  by  the  tables  on  page  29. 
Thi^  gn*nti  t'obi«)sf<et^contor^  dam  furnishes  a  .supple mental  supply  to 
thh  ivservidr  ant  I  waU^r  is  oce-asionally  drawn  from  it.  At  the  point 
of  iiioaKuremeiit  tlie  wati^r  is  sliut  back  entirely  on  Sundays  andholi^ 
dayn,  hh  hIiowu  by  the  tabie,  Ii*  tlie  t^tbles  the  reference  **  Gates  up; 
all  that.  tlowK**  covers  the  jioriotl  when  there  was  no  means  of  ^iseor- 
taining  lIuMMMchargCp  it  being  less  thau  220  second-feet  and  fromth&t 
as  low  «^  11*0  HoeoiubfcH^t,  dimttiishing  pi-olmbly  at  a  constant  rattv 
Af  U'r  N  ovtmibi'r  1 ,  l8lH*j  ihedbicbarge,  however  &mall^  CiUi  be  meaisured. 
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/  discharge  in  second-feet  of  Cdtbosseecontee  River^  at  the  upper  dam,  near 
Augusta,  Maine, 

[Drainage  area,  280  square  milee.] 
1890. 
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a  Gates  up;  all  that  flows. 


HAMPHHIRS. 


TIlBi  mMfsmm  iiceiffet  Ito  ilmmirr  ft^n  «  e»ii&iderable  portion  of 
tb  WMte  MivBBfeum  an*  m y«v lUapsliin^  Itn  flovi»  reguUted  bf 
ft  Biiflibvr  id  Urst^  laka*  ttiAr  th»  lw«d«slaC8,  the  ouUete  of  msiiy 
fiT  whirh  «jt>  t^ontn^Usd  hf  4mmaL  Tkm  tM  of  t\»  m^mmm  is  coasider- 
fttil^  and  drrdiQpMiMitft  of  vmler  pow  kmr^  tmken  pXacf^  to  an  est^nt 
probsMj  gmatir  tluyi  In  aor  tHher  fMjrt  of  tlic  Tnited  States.  At 
IfaiiiWwiii  reeofilA  of  ibr  Keighi  ant  lakjen  sererml  timers  a  daf ,  g^^- 
mrmBf  mm  th«  eres  Immiis.  Mr  11.  W.  AUiia,  of  the  Amoske^  Manu' 
fai*tiir^C  Cio^paay.  siiU^^  that  tW  nnliifcari'  (low  of  Merrlmac  River 
at  tltal  fiaee  far  i»ighl  muDthfi  uf  thi*  yrar  w  :;,ltiO  i«e<?oiid'feet.  With 
tltiJi  quajititj  all  the  water  wiiettls  vmn  l»  nin.  The  minimum  low- 
aaaatin  Aoir  for  this  rear  he  wcmM  call  UOHi  ncHxntil-fiM^C  T\w  kngUi 
of  the  malti  tL&ot  k  40O  faet,  and  the  wiuir  ^1  f«^t.  The  cIajh  is  177.^ 
feet  alK»v^  in«*aii  tidif*  wmter  at  the  oiouih  of  the*  river*  Three-foot 
Jlariiboanltt  ean  \m  Uftod  in  all  months  ejcee|it  ]h[an'h,  Apnl,  and  MA^f 
and  tbeti  otdy  ^^forj4  Iwtaid^.  The  pimthi^  nxb^tidfi  to  lk>ok^tt^$ 
mik3!a^  and  ^^rmm  440* f^5  aeres^  Tlii?  higltr^i  waU^r  uii  tlie  tJam 
which  there  is  reeord  was  on  MareJi  2,  1?^**>,  when  there  was  10. 
feet  111  hei^ht^  Aowiti^  over.  The  drainage  arc^a  abt»v«^  ManehesU'r 
i,83£i  iic|tiare  mika. 

MEBKJMAC  IUT1:B  AT  LAWRENCK,  MASSACHUSETTS. 

The  longest  and  mcwt  earefol  series  of  compntatiotis  of  river  flow 
are  probably  those  kept  at  l-awrence,  MassachuKetts,  having  been 
beg^n  by  Mr.  J,  B.  Francis  for  the  Esftc^x  Company,  and  maintained 
by  Mr.  Hiram  Mills  and  Mr.  R.  A.  Hale.  These  extend  over  fifty 
years,  but  have  never  been  published  in  full.  The  maximum,  mini- 
mum, and  mean  discharge  by  months,  from  1890  to  1897,  has  beea 
printed  in  the  Nineteenth  Annual  Report,  Part  IV,  pages  113  to  115, 
and  similar  figures  for  1898  have  been  given  in  the  Twentieth  AnniiaS- 
Report,  Part  IV,  page  73,  accompanied  by  a  diagram  showing  th^ 
fluctuations  from  1891  to  1898,  inclusive. 
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OPERATIONS    AT    RIVEE   STATIONS,    l$m — PART    I,        liw^ft 
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NASHUA   RIVER  AT  CT-,lNTON,  MASSACHUSETTS. 


I 


Tliis  river  i*eceiveti  the  drainage  of  a  portion  of  central  MassjicliO- 
slUIs,  antl  flow^  in  a  general  northerly  course  iut-o  New  Ilanipshiiis 
emptying  intfl  Merri mac  River.  The  principal  part  of  the  drainage 
basin  h  shown  ou  the  Worcester^  Marl  bo  ro,  Framinghani,  and  Grot  on 
topo^aphic  atlas  sheets.  On  its  headwaters,  near  the  town  of  Clint'On, 
the  metropolitan  water  board  has  under  construction  whati.s  known  hb  i 
Wachusott  reservoir,  for  the  supply  of  Boston  and  neighboring  towns. 
Measurements  of  the  flow  of  Nashua  River  have  been  made  at  Clinton 
since  July,  1896,  but  these  have  not  been  published,  as  there  are 
unsettled  claims  for  tlie  diversion  of  the  water.  The  rainfall  on  the 
watershed  during  1897  was  measured  at  four  localities,  and  ranged 
from  about  50  to  53  inches.  The  area  and  capacity  of  Wacliusett  res- 
ei'voir  are  given  for  each  5  feet  in  elevation  in  the  Report  of  the  State 
Board  of  Health  of  Massachusetts  for  1895  on  "  Metropolitan  water 
supply, "  pages  1 27  and  128.  The  outline  of  the  reservoir  is  also  shown 
on  an  accompanying  plan. 


MASBiLCHDSETTa 


37 


SUDBURY  BIVBR. 

This  small  stream  of  eastern  Massachusetts,  receives  water  from 
n  area  west  of  FraminghaiH.  It  flows  in  a  northerly  course  through 
leadows  and  swamps,  and  joins  Assabet  River  to  form  Concord 
Uver,  which  in  turn  continues  northerly,  entering  Merrimac  River 
nmediatcly  below  the  city  of  Lowell.  Storage  reservoirs  have  been 
onstrncted  by  the  city  of  Boston,  controlling  the  greater  part  of  the 
cw  from  this  basin.  The  available  water  has  been  systematically 
leasured  by  Mr.  Desmond  FitzGerald,  the  record  beginning  in  1875. 
Tie  run-off  in  cubic  feet  per  second,  by  months,  from  1875  to  1898,  is 
tven  in  the  Twentieth  Annual  Report,  Part  IV,  page  75.*  The  fol- 
>wing  is  a  continuation  of  this  table.  It  should  be  noted  that  during 
mgust  the  yfeld  of  Sudbury  River  is  a  minus  quantity. 

hmroJT  of  Sudbury  River  and  Lake  Cochituate  uxttersheds  in  seciitidrfeet  per 

square  mUe, 
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0<^ber      

November  .       ..........i. .......... 

I>eoeiiib6r .......^.  .t 

The  year 

1.51 

1.66 

1.38 

1.48 

LAKE  COCHITUATE. 

This  lake  drains  into  Sudbury  River  below  the  point  of  diversion 
for  the  water  supply  of  the  city  of  Boston,  and  has  been  consid- 
ered as  a  separate  watershed,  with  an  area  of  18.87  square  miles,  of 
which  7.6  per  cent  is  water  surface.     Dudley  Pond,  which  lies  just 
north  of  the  lake,  is  connected  with  it,  and  water  is  occasionally 
drawn  into  the  lake.     The  watershed  of  this  pond  is  not  included  in 
the  18.87 square  miles;  thus  a  corresponding  deduction  must  be  made 
in  computing  the  yield.     This  correction   has  been   made  in  the 
accompanying  table.     Figures  of  catchment  on  this  area  since  1863 
We  available,  these  not  being  considered  quite  as  accurate  as  those 
for  Sudbury  River.     The  results  in  inches  of  depth  of  run-off  from 
^e  watershed  are  given  in  the  following  table.     The  average  yield 
per  square  mile  of  this  watershed  for  thirty-seven  years,  1863  to  1899, 

>  For  low  water  flow,  see  Engfaiaering  Record,  September  16, 1800. 
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p^iwive,  ijs  given  in  the  ^eeoiid  tiible,  whi<*li  £^bow»  by  uionths^  ihe 
>&d-feet  per  ^uaro  inUe,  the  cxjrre^pondmg  deptb  of  run-off  in 
lobes,  the  depth  of  rainfalK  and  iho  iM>rce^ntage  eolleet43d: 


Yield  of  Lake  CtwhiUmtt  u^tern}^  in  ineheM  in  dejMu 


4 


I 


I 


Ymr. 


vm  . 

vm  .. 

jsm.., 

vm... 

188(1  .. 
188*1,-- 
18»T... 

18HP... 

i8oa  .. 

t8«^.„ 
1807, „ 


JikD^ 


1  m 

1*1 

3,08 
.74 
1  10 
I  Si 

1.88 
4.T3 
LOQ 
1.10 

ajo 

.1& 

1.08 

t.£n 

L47 
LN 

vn 

4.50 
l.KJ 

i.m 

1.73 
l.tH 
2.27 
'i.45 


L(66 


Felx 


a.  If 

I  7« 
£.M 
5.  £4 
].13 
l.»7 
8.05 
S.£» 

1.77 
1.37 

3.97 

ISO 

£  aj 

7.1*3 
4,94 

;;.n 

IBS 

L,M 
2.!i6 
MI7 
.75 
8,W 
l.iyi 

im 
a.ai 


£6«S 


3.n 
4,ue 

4.ISB 
1.7K 

aiT 
a«s 

3,  SI 

1  3& 

aw 

L&4 

e.iM 

5.9) 
6»1 
5.40 
8  SKI 
L79 

3.U7 
S.ri4 
4,67 

2.ai 
a  51 

4.TU 
1.70 

2.Wt 
6.»«7 

4.  Its 
S.5& 

fi.5^* 

:i  11 
4^.  :i5 


a.HSH 


Apr, 


4.41 

%n 

1.08 

a40 

2.48 

ft.  as 

1.S8 

tsa 

0.06 

a  17 
4.21 

;$.^ 

2.80 

L57 
1.7B 

.n 
}.m 

4.UU 
2.38 

;j.38 

».4r> 
a.  17 

2.S 
4.31 

.00 

2.15 

:J  01 
1.K5 
2.W 
2. 84 


Maf. 


1.44 
1.<I1 
4.75 
LS9 
S.|« 
§.1« 
8.17 
1.00 
1.00 
1  10 

3.711 
1.30 

1.43 
£.04 

l.M 
L40 
.44 

im 

1  A5 
L,3Q 
1  80 

i.m 

L^G 
3!.  37 
LS» 

L!^ 

.01 

iti 

1.30 
.99 


1,738 


JtiiH&tJsly. 


,4» 

.33 
LOB 

t.m 

1.06 

.87 
L4S 

.46 
1.00 

l.S<> 
.51 

.:« 

.77 
.0«t 
1.31 
.B2 
.07 

.e7 

.43 
,1« 

.as 

.S3 
I.IB 
1,41 

.77 
.43 
.75 
.45 

.40 

.71 

!.]» 

.7H 
.11 


7m 


2 /!H 
.41 

.40 
1,3B 
.56 
.40 
.75 

.sa 

.43 
.14 
.01 
.05 
.35 
.05 
,0i 
.47 
.33 
.33 
.Ifl 
,(« 

.ce 

,35 
.*« 
.SR 
.7S 
.47 

i.m 


.i}3tt 


At^;. 


StipU 


1.M 

.ff7 

.4t« 

.54 

1,10 

1.15 

.50 

.10 

.70 

1.32 

I  43 

M 
.SB 
-OB 
.»4 
.1KI 
.S3 
.00 
.07 
.07 
-Al 
.S3 
.11 
1.83 
.94 

a  43 

.40 

,7:;? 

.5ti 
.77 
.41 

.SO 
.47 
.rt3 

.00 


0.lfO 
.40 
.44 

1.3S 
31 

i.*e 

Lll 

.&! 

.3» 

1.70 

.70 

.s;i 
.^ 
.m 

,ai 

.24 
.23 
.i"7 
.44 
,13 
.25 

2,31 
1.79 

1.40 
.7« 
.00 
.43 
.40 
.00 

l.OI 
,40 

.:^l 


Oct, 


1.31 

I.I2 
-US 
.94 

1.05 
.16 

2.33 
.06 
.01 

L70 

US 
.52 

tSl 
.30 

1.13 
.73 
.40 

.18 

.44 
.34 
T9 

,4S 

.48 
2,«7 
LOl 
3.40 

.79 

.57 
1.08 

.W 
L»7 
1.2& 

.43 
l.fll 

.03 


I.O60 


KOT. 


2.44 
1.24 
1.(X* 

.07 
1.11 
LS* 
1,30 

.«> 
123 
1.90 
l.HU 

.57 
1.96 

i.s:* 

s.ao 

2.07 

.H 

.56 
.40 
.Al 
2.05 
1.90 
.70 

2.915 
1,49 

.H3 
1.00 
0.63 

.03 
3,51 
l.4ft 
1.08 
2.31 

,50 


l,4*e 


Owe 


2.10 
LIT 
1.13 

LBS 
1,]* 
1.17 
3.10 

.78 
1,1* 
1.30 
2,6^ 

.51 

i,e 

1.1» 
1,97 
4.04 
LOI 

.54* 
1.4f* 

JJS 

.04 
L^ 
1.34 
3.10 

.SIS 

3.28 
2.11 

1.2S 

.M 

L4g 

1.14 

2.44) 
1.31 
2.10 
2.74 


L*f7T 


TolaL 


i&a 

una 

21.17 
24.» 
21.96 
£&.« 
1L74 
14.  M 
**7  17 

17,  as 

10  11 


IflSt 
15.01 

0.711 
19.21 
15.57 
a. OS 
23. 4r 
9>.07 
27. » 
24.51 
31.73 

ihjn 
n,:ff 
ii9i 
ao,i: 

20J4 
17.  "IS 
^41 
17.  &1 


31.25! 


^i'era(/p  yield  jyer  sijuare  mile  of  Lake  Cochituate  waterfiJiedf  JS6S  to  1890^  indimi'^ 
[Drainage  area,  18.87  square  miles.] 


Month. 


January 

February 

March 

April 

May 

June 

July 

August 

Beptember 

October 

November 

December 

The  year. 


Second- 
feet  per 
square 
mile. 


1.78 

2.53 

3.32 

2.00 

1.51 

.70 

.47 

.67 

.a5 

.92 
1.83 
1.46 


1.49 


Run-off 

in 
inches. 


2.06 

2.66 

3.83 

2.90 

1.74 

.78 

.54 

.77 

.?i 

1.06 

1.48 

1.68 


20.28 


Rainfall 

in 
inches. 


4.00 
3.93 
4.34 
3.51 
3.78 
2.96 
4.21 
4.49 
3.44 
4.56 
4.38 
3.40 


Per  c<>nt. 


.'il.4 
07.8 
88.2 
82.7 
46.0 
26.5 
13.0 
17.1 
21.1 
23.2 
33.9 
49.3 


47.00  I        43.0 
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MYSTIC  LAKE. 

The  area  tributary  to  Mystic  Lake  lies  about  10  miles  north  of 
>ston  and  contains  26.9  square  miles,  including  about  3  per  cent  of 
ater  surface.  It  has  been  the  source  of  water  supply  for  the  city  of 
harlestown  since  1864.  Upon  the  annexation  of  that  city  to  Boston 
le  source  of  supply  passed  into  the  control  of  the  Boston  waterworks, 
lis  being  in  1876.-  The  records  of  run-off  extend  from  1878  to  1897, 
iclusive.  On  January'  1,  1898,  the  lake  was  abandoned  as  a  source 
f  water  supply  and  records  after  that  date  are  not  available.  The 
able  given  below  is  from  the  third  annual  i-eport  of  the  water  com- 
lissioners  of  the  city  of  Boston.  These  records  ar«  somewhat  less 
iccurate  than  those  for  Lake  Coehitiiate,  as  they  involve  not  only 
torage  in  Mystic  Lake,  which  has  been  determined  with  a  fair  degree 
>f  accuracy,  but  also  the  quantity  of  water  pumped  by  five  engines, 
he  slip  of  which  was  somewhat  uncertain,  and  the  flow  through  a  fish- 
w^ay.  There  are  also  a  number  of  other  i>oints  on  the  watershed  whose 
storage  should  have  been  considered. 

The  yield  from  this  waterslied  in  depth  in  inches  for  the  yeai*s 
1878  to  1897,  inclusive,  is  given  in  the  table  on  page  40.  The  average 
yield  per  square  mile  is  given  in  the  following  table,  these  figures 
being  obtained  from  the  engineering  department  of  the  Metropolitan 
Water  Board,  through  Mr.  Charles  W.  Sherman,  assistant  engineer: 

Average  yield  per  square  mile  of  Mystic  Lake  water shedy  1S78  to  1897,  inclusive. 
[Drainage  area,  25.0  square  miles.] 


Month. 


January  

February 

March 

AprU 

May 

June 

July 

August 

September 

October  

November 

December  

The  year 


Second- 
feet  per 
square 
mile. 


1.81 

2.?2 

3..3» 

2.33 

1.62 

.96 

.49 

.56 

.47 

.69 

1.14 

1.41 


.46 


Run-off 

in 
inches. 


2.00 

2.86 

3.91 

2.61 

1.87 

1.07 

.56 

.65 

.52 

.80 

1.28 

1.63 


19.85 


Rainfall 

in 
inches. 


Per  cent 


4.21 
4.04 
3.?i 
3.08 
3.64 
3.20 
3.58 
4.00 
3.17 
3.98 
3.79 
3.47 


43.82 


49.5 
70.8 
105  2 
86.1 
51.5 
33.5 
15.6 
16.3 
16.4 
20.1 
33.7 
46.9 


45.3 


Records  are  not  available  after  1897,  although  observations  have 
'^n  continued.  The  watershed  is  no  longer  in  use  as  a  source  of 
f^Pply,  and  so  many  complications  enter  into  an  estimate  of  yield  that 
^^  is  probable  that  it  will  not  be  computed. 


w 


coioncnctrr  itn^B  at  holtokb,  KAssACHrsErrs. 


Til  til  riv(*rf  rtning  tii  northern  Sew  Hampshire  and  Vermont^ 
In  a  genetal  ncNttherly  course,  forming  the  gre^ater  part  of  th^  bounds 
tkry  f^etireeii  ihem^  State»,  Aod  ero6»et$  Miii5Siichci.^tt6  and  O^nnectient^ 
f^mi^tying  Into  Long  Inland  Sounds     Computation^  of  discharge  hjiva 
been  mskdet  in  the  fiouthem  part  of  its  conne  at  Ilolyoke,  Xa^saehusett^ 
a  short  distance  above  the  Connecticut  State  line.     The  flow  of  th^ 
river  is  controlled  at  this  point  by  the  Holyoke  Water  Power  C/om- 
pany.     Data  of  stream  flow  have  been  obtained  from  Mr.  A.  F.  Sick- 
man,  assistant  engineer  of  the  company.     The  quantities  given  ar^ 
the  daily  amounts  drawn  from  the  pond  above  the  dam,  representing" 
the  discliarge  of  the  river  excepting  at  such  times  as  the  surface  falls^ 
below  the  crest,  when  water  is  ponded  over  night  and  Sunday.     Th^ 
results  by  months,  from  1880  to  1805,  are  published  in  Bulletin  No- 
140,  pages  37  to  41;  for  1806  and  1897,  in  the  Nineteenth  Annual 
Report,  Part  IV,  page  116;  and  for  1898,  in  the  Twentieth  AnnuaX 
Report,  Part  IV,  page  76. 
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aily  mean  discharge  in  second-feet  of  Connecticut  River  at  Holyokey  Massa- 
chusetts, 

P>raiiuige  area,  8,600  square  miles.] 

1890. 


Apr. 


34,400 
311,100 
32,300 
24,660 
19.600 
18,550 
18,3SQ 
17.550 
17.700 
19,900 
»,700 
26.950 
37,300' 
59,350 

n.ioo 

77,500 
84.450 
89.200 
88,600 
81,200 
n.060 
61.950 
54.600 
46.4.50 
38,300 
30,800 
26.750 
23,150 
20,900 
19,500 


May. 


18,300 
16.060 
14,700 
15.000 
14.350 
13.900 
13.700 
13.  .550 
11.900 
11,000 
11,050 
10,700 
10,700 
11.000 
11,000 
9.060 
7.800 
7,650 
7,700 
7.350 
7,150 
6.9a» 
5.900 

5,  aw 

6,050 
5,800 
5.860 
4,860 
5,360 
5,150 
5,100 


Jane.    July.    Aug. 


6.550 
6.350 
6.450 
6.200 
5.800 
4,650 
3.850 
5,100' 
4.900^ 
7,100' 
8,8.50; 
8,750: 
7,750= 
6,450i 
6.600! 
5.»50i 
5.700: 
5.0501 
5,060^ 
4,25a 
3.500 
4.300 
4,400 
4.450 
4.300 
4,350 
2.560 
3.300 
4.060 
4.150 


3, 9001 
3.800! 
2,350! 

750' 
1.700; 
2.050; 
2.900| 
3,450' 
4,4,50 
6.050 
4,500 
4.300 
4,150 
4.100 
4,000 
4,150 
4,100 
2.650 

450 
4,200 
3.900 
3.400 
3.700 
4.30O 
4.150 
4.100 
4,560 
4,450 
4,300 
4,850 
4,000 


2,300 
2.450 
3,900 
3,700 
3.750 
3.660 
3.800 
2,850 
4,100 
4.650 
4.000 
3,750 
3,750 
3.800 
2,050 
1,300 
2,800 
2,800 
2,800 
2.800 
2.800 
2,800 

550 
3,300 
3,a50 
3.300 
2.050 
2.700 
1,900 

460 
2,800 


Sept. 


Oct. 


2,70a 

2.850 
2.700. 
2,700! 
2,100 
700 
6,1.50 
7.750 
8,(150 
7.200 
6,450i 
4.800. 
3.900{ 
4,4001 
4.100; 
3.800 
3,650 
3.450 

2,  aw 

4.650 
6,200 
6,850 
8,450 
8,100 
6.850 
4,550 
4,260 
4.600 
4.450 
4,400 


4,660 
4.700 
3,600 
8,500 
4,550 
4.600 
5.200 
5.250 
6.550 
4.750 
4.300 
4,  .500 
4.250 
6,000 
10.201) 
20.10a 
16,850 

13,95o 
13,300 
14,160 
18,  S* 
22,10^ 
21.8^ 

19,505 

13,005^ 
12. 


Not. 


12.060' 
11.750 
11.550 
12.100 
12,800 
26.800 
30.450 
25,300 
23.900 
21,000 
17.660 
15.800 
15.060 
12,550 
11,600 
11.400 
10,700 
10.000 
9.660 
9.150 
7,900 
8.160 
9,450 
8,750 
8.4a) 
10,600 
18,800 
13,000 
14,000 
17.660 


Dec 


17,900 
15.750 
12,300 
8.250 
6.460 
6.500 
8,560 
8.860 
9.70U 
13.900 
13,800 
11,000 
10,400 
9.9a) 
9.350 
5.950 
4.300 
4,650 
5.000 
5.150 
6.060 
5.250 
4,750 
3,900 
3.650 
4,200 
3.400 
4,560 
4,400 
4,260 
4,800 


42,8631 


9,684 


5.357'    3.684 

I 


2.965 


4,768  10, 9r  14,115 


7,024 


1897. 


3.360 

3,900 

4.400 

21,900 

32.950 

22.900 

10.200 

22,360 

6.200 

4,950 

8,860 

21.060 

8,360 

3,000 

8,560 

22,960 

27,800 

19.300 

9,560 

18,960 

6,150 

3.460 

4,560 

10.060 

3.360 

3.60) 

3,500 

25.150 

28.000 

16.750 

9.900 

16.050 

5,30rt 

3.360 

17,060 

12.80) 

4.70» 

3,750 

4,4fiC 

24.600 

27,100 

16.100 

9.560 

13,960 

4,560 

5.  OX) 

19,400 

10,700 

4,70] 

4,300 

5,70) 

27,060 

27,600 

18.100 

8,10) 

12.800 

4,600 

4.350 

15.860 

11,150 

7,560 

2,950 

7,560 

37,100 

26,860 

19.600 

7,650 

12,750 

4.800 

3.400 

13.200 

16.800 

uuai 

2,56C 

11.750 

46.260 

23,900 

20.350 

7,950 

10.550 

4,660 

3.150 

10,100 

15,600 



10,350 

11,100 

12,150 

44.900 

20.560 

19.066 

9.950 

8,750 

4,500 

3,250 

9,860 

18.700 

8,400 

13,600 

10,560 

42,150 

17.060 

20.200 

13.200 

8,950 

4.450 

2,960 

9.160 

16,860 

8,800 

14.250 

10,280 

46,150 

16,150 

60.600 

11.960 

8,400 

4,450 

1,30) 

14.900 

16,500 

7,60) 

11,150 

36,250 

14,50) 

75,350 

9.350 

9,150 

3,a50 

3,550 

18.050 

15,860 

6.650 

8,400 

15;  TO) 

31,350 

15,400 

56,950 

8.560 

13.660 

2.550 

3,000 

17,860 

16.650 

5,90a 
5,100^ 

6.500 

26.600 

17,500 

41,300 

13,050 

12.600 

5.050 

3,900 

16,200 

22.960 

— 

7.25f> 

13.050 

25.550 

35,80) 

35.300 

37.000 

10,200 

3.900 

5.100 

13.700 

23,000 

4,750 

6,15(> 

12,250 

28.700 

44.060 

30.000,  57.250 

8.150 

3,4.50 

5.300 

12,900 

50.850 

3.750- 

5.100 

10,300 

41.800 

36,560 

24,500  58,360 

9.600 

3.45r^ 

4.400 

11,550 

70.660 

3,450 

5,200 

9.150 
8,200 
8.100 

48.560 

30,000 

21,050'  50. 201 

9,150 

4.0)0 

2,050 

15,400 

63,860 

5,100 

5,250 

50.950 

24.900 

17,800  39.350 

11.050 

3, 700 

4.900 

19,300 

52,000 

4,9a> 

4.950 

49.360 
44,500 

19,700 

15,250  31,350 

12.30) 

2.250 

4,700 

17,700 

37.060 

— 

4,900 
4,400 
4,700 

3.950 

15.650 
23.750 

16,850 

12.300J  23.250 

11,800 

3.70) 

4,360 

14,600 

25.560 

— 

3,600 
4.950 
4.900 

39.700 

14.600 

13,300|  18.750 

9,750 

3,550 

3,900 

12.700 

18,960 

23.750 

34.500 

13,600 

13,8rX)  17,550 

9,060 

3.550 

4.650 

12,650 

15,750 

3.350 

25,860 

30,260 

12,460 

12,750l  19,350 
11,250  21,40) 

8,a50 

3.950 

2.90O 

12,350 

14,100 

3,000 

4.800 

34,660 

27.300 

13,400 

8,750 

4.660 

3,050 

11,150 
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The  fl|rar4?ii  for  1806  have  nol  boeti  oompntwl  at  tbta  timef  April,  1000. 


CONNECTICUT  RIVER  AT  HARTFORD,  CONNECTICUT 


Observations  of  the  height  of  Connecticut  River  are  maintained  at 
a  point  near  Hartford  by  the  Connecticut  River  Bridge  and  High- 
way District,  Edwin  D.  Graves,  chief  engineer,  as  noted  in  the  Twen- 
tieth Annual  Report,  Part  IV,  page  77,  Daily  readings,  beginning 
February  8,  1896,  have  been  obtained,  and  are  given  below.  Com- 
putations of  discharge  of  the  river  at  this  point  from  1871  to  1886 
have  been  printed  in  the  Fourteenth  Annual  Report,  Part  II,  l)egin- 
ning  on  page  140.  The  gage  now  being  read  was  placed  at  the  same 
elevation  as  the  old  gage  established  by  the  Engineer  Corps,  Unit^d^ 
States  Army,  about  1872. 


CONNECTICtrr. 
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lUy  noon  gage  height  in  feet  of  Connecticut  River  at  Highway  Bridge^ 
Hartford,  Connecticut, 


1806. 
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Apr. 
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18.0 
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MOHAWK  BIVKR  AT  BIDGB  MSLLA^   XKW  TORE. 

Mohawk  River  rises  in  Lewis  Coonty,  New  York,  and  flows  si>utherly 
hroagh  Oneida  Conntr,  and  turning  to  the  east  finally  empties  into 
Indson  River.     It  is  shown  through  the  greater  portion  of  its  length 
m  the  Oneida,  Oriskany,  Utica,  Fonda,  Amstenlam,  Schenectady, 
md  Cohoes  topographic  sheets  of  the  I'niteil  States  GeoU>gical  Sur- 
rey.    The  measurements  on  this  stream   and  its  tributaries  were 
nstituted  as  previously  describeii   on  i>ago  ih'*  by  Mr.  (^H>rgi*  W. 
Elafter  for  the  United  States  Boanl  of  Engineers  on  Deep  Water- 
grays.     The  station  at  Ridge  Mills  is  located  at  the  dam  of  the  Rome 
waterworks,  3  miles  above  Rome.     The  drainage  area  of  the  Mohawk 
River  at  this  point  is  153  square  miles.     Two  gages  are  rea*!  twice  a 
day  by  Daniel  Brown,  engineer  at  pumping  station — one  alnive  the 
dam  showing  the  height  on  the  crest  and  one  in  the  tailrace  in  order 
to  determine  the  head  on  the  wheels.     The  crest  of  the  dam  has  an 
irregular  profile,  and  in  order  to  facilitate  ci>mputation  is  divide<l  into 
three  parts.     The  flow  over  section  A  was  computed  from  I^izin's 
experiments  of  November  and  Decemlier,  1895,  series  Xo.  102,  with 
q=8.025  mLHI.     The  flow  over  sections  B  and  C,  which  is  over  flash- 
boards,  is  computed  from  Francises  formula  for  sharp-crested  weirs. 
Experiments  were  conducted  at  Cornell  University  on  an  exx>erimental 
weir  corresponding  to  Biazin's  series  No.  162,  and  from  the  coefficients 
obtained  a  discharge  curve  plotted  to  correspond  with  the  discharge 
earve  of  Bazin's.     All  computations  of  flow  at  this  point  made  before 
June  1,  1899,  were  made  by  using  Bazin's  coefficients,  but  in  subse- 
quent computations  the  Cornell  coefficients  were  useil.     The  dam  is 
of  timber,  backed  with  stone,  and  has  verj-  little  leakage.^ 


'On  flow  of  water  over  danui,  by  Qeorge  W.  Rafter:  Proo.  Am.  Soc  Civ.  Encr-*  March,  1900, 
VoLXXVI,Na8,p.3U. 
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KUfEMlLK    CREEK    AT   STITmLLK,    NEW    YORK, 

This  stream  rises  in  the  northern  part  of  Oneida  County,  New  Yoi 
and  flows  south  into  Mohawk  River.  A  portion  of  its  coui^se  is  sho 
on  the  Oneida  topographic  sheet  of  the  Geological  Survey.  Obs 
vations  were  made  on  this  creek  at  Stittville,  which  is  reached  by 
Rome,  Watertown  and  Ogdensburg  Railroad.  The  drainage  aref 
Ninemile  Creek  at  Stittville  is  63  square  mile^  The  station  ' 
located  at  an  old  timl)er  dam  built  to  furnish  power  to  a  gristi 
and  sawmill.  One  gage  was  read  at  the  bridge  above  the  dam,  giv 
the  height  on  crest,  and  one  at  tailrace  l>elow"  the  dam,  which,  with 
upper  gage,  gave  the  head  on  wheels.  The  dam  had  a  somewhat  in 
ular  crest,  but  was  repaired  by  the  Board  on  Deep  Waterways.  ' 
flow  over  section  Ay  which  is  the  bulkhead,  is  computed  from  Baz 
experiments  in  October,  1887,  series  No.  115,  with  q=8.()25mL 
The  flow  over  section  -B,  which  is  a  spillway,  is  computed  from  Baz 
experiments  of  July,  1894,  series  130,  with  q=8.025mLII^  A  i 
curve  was  lat-er  drawn,  based  upon  experiments  carried  on  at  Con 
University,  corresponding  to  Bazin's  series,  Nos.  115  and  120.  T 
dam  leaks  badly,  so  that  low- water  flows  are  of  questionable  accura 
There  are  in  the  mill  two  standard  Leffel  wheels,  one  a  2H-inoh  wh 
and  the  other  a  40-inch  wheel,  and  a  record  was  kept  of  the  head 
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e  wheels  and  the  amount  of  openings,  so  that  the  quantity  of  water 
kssing  through  the  wheels  can  be  computed.  The  results  obtained 
om  this  station  were  of  such  questionable  accuracy  that  the  station 
as  abandoned  on  June  30,  1899. 

ORISKAXY  CREEK  AT  COLEMAN,   NEW  YORK. 

This  stream  rises  in  Oneida  County,  New  York,  and  flows  in  a 
lortherly  direction,  emptying  into  Mohawk  River.  It  is  shown 
hrough  a  part  of  its  course  on  the  Oriskany  topographic  sheet  of  the 
Jnited  States  (Tcplogical  Survey.  Observations  for  the  computation 
►f  flow  of  Oriskany  Creek  have  l>een  made  at  Coleman,  5  miles  above 
he  junction  of  the  creek  with  Mohawk  River,  and  at  Oriskany,  2 
niles  farther  down.  The  station  at  Coleman  was  located  at  Reeders 
dills.  The  dam  located  here  impounds  water  to  furnish  power  for 
he  picking  mill  and  cotton  mill  on  the  west  biuik  and  for  the  grist- 
Qill  and  sawmill  on  the  east  bank.  The  gages  were  read  above 
he  dam,  giving  the  height  on  crest,  and  in  the  headraces  and  tailraces 
»f  each  of  the  mills,  giving  the  heads  on  wheels.  The  dam  is  of  earth, 
nth  a  timber  crest,  irregular  in  profile.  For  convenience  in  compu- 
ation  the  crest  has  been  divided  into  nine  parts,  ^he  flow  over  this 
Iftm  was  computed  from  Bazin's  experiments  of  November,  1895,  series 
^0. 170.  The  station  was  established  September  20,  1898,  and  oon- 
inued  until  February  28,  1899,  when  it  was  abandoned. 

ORISKANY  CREEK  AT  ORISKANY,  NEW  YORK. 

The  drainage  area  of  Oriskany  Creek  at  this  station  is  144  square 
ailes.  The  flow  is  measured  over  the  State  dam,  the  gage  showing  the 
leight  on  crest  being  lociited  on  the  left  bank  just  al)ove  the  dam.  The 
rest  is  of  irregular  profile,  and  in  order  to  facilitate  computation  is 
ivided  into  three  parts.  No  experiments  have  been  made  to  doter- 
line  coefficients  'for  a  dam  of  this  section,  so  it  was  considered  by 
ir.  George  W.  Rafter  that  the  mean  Ix^tween  the  coefficients  obtained 
tyBazin  in  his  experiments,  series  Nos.  141  and  117,  would  best  fit 
he  conditions  at  this  dam.  Experiments  were  afterwards  conducted 
A  Cornell  University  on  a  similar  section.  For  a  cross  section  of 
his  dam  reference  should  be  made  to  the  paper  on  **Flow  of  water 
►verdams,"  by  Greorge  W.  Rafter:  Proc.  Am.  Soc.  Civ.  Eng.,  March, 
900,  p.  312.  All  computations  of  discharge  up  to  June  1  were  made 
Torn  coefficients  as  determined  by  Bazin;  all  subsequent  observa- 
ioim  have  been  computed  by  using  the  Cornell  coefficients.  Water 
?M8ing  through  the  Erie  Canal  feeder  is  determined  by  knowing  the 
felative  heights  of  the  gage  above  the  dam  and  of  the  one  below  the 
?&tefl  in  the  feeder.  The  difference  between  these  two  readings  gives 
^  head  on  the  gate.     The  stem  of  the  gates  is  marked  so  that  the 
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SAUvrOIT  CREEK   AT   XEW    YORK   MILLS,  NEW    YORK. 

This  creek  rises  in  Oneida  County,  New  York,  ami  flows  in  a  norl 
erly  direction,  emptying  into  Mohawk  River.  It  is  shown  in  a  i>art 
it8  coarse  on  the  Oriskany  topc^raphic  ^heet  of  the  United  States  Gn 
logical  Sar\'ey.  Observations  of  flow  are  made  on  this  creek  at  K 
York  Mills,  at  which  point  the  creek  has  a  drainage  area  of  52  squi 
miles.  One  gage  is  located  at  the  dam,  which  furnishes  i30wer 
mill  No.  3,  and  is  read  by  E.  D.  Cronk.  A  gage  in  the  headrace  n< 
the  mill  wheels  and  one  in  the  tailrace.  are  read  by  Rol)ert  Hugh 
The  first  gage  gives  the  head  on  crest  of  weir,  and  the  two  located 
the  mill  give  the  head  on  wheels.  The  quantity  flowing  through  i 
wheels  is  added  to  the  flow  over  the  dam  to  give  the  total  flow  of  i 
creek.  The  dam  is  of  earth,  with  plank  facing,  and  there  is  lil 
leakage.  For  a  cross  section  of  this  dam  see  Mr.  Rafter's  paper 
**  Plow  of  water  over  dams."  The  profile  of  the  crest  of  the  dam  is  soi 
what  irregular,  and  in  order  to  facilitate  computation  has  been  divic 
into  nine  parts.     Eaoh  part  is  assumed  to  have  a  horizontal  crest  li 
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flow  over  each  part  has  been  computed  separately  for  various 
s  and  a  curve  drawn  showing  the  relation  of  the  total  quantity 
ing  over  the  dam  to  various  gage  heights.  From  this  curve  the 
L  quantity  for  each  head  can  be  read  off  at  once  without  making 
[>arate  computation  for  each  part  of  the  dam.  The  flow  over  sec- 
^AtoEy  inclusive,  in  this  dam  was  computed  by  using  the  coeffi- 
ts  determined  by  Bazin's  exi)eriment«  of  1895,  series  No.  175, 
I  q=8.025mLH*.  The  flow  over  sections  i'^and  O,  which  is  over 
iboards,  was  computed  from  Francis's  formula  for  sharp-crested 
•s,with  q=3.33LH'.  In  the  mill  there  are  two  27-inch  Hercules 
)ines,  and  records  are  made  of  the  head  on  wheels  and  the  open- 
of  the  gates  twice  each  day.  These  turbines  were  rated  by  the 
y'oke  Power  Company,  so  that  by  noting  the  head  and  the  gate 
aings  the  quantity  of  water  passing  through  the  wheels  can  be 
puted. 

nated  daily  discharge,  in  second-feet,  of  Sauquoit  Creek  at  New  York  Mills, 
New  York,  for  1S99. 
[Drainage  area,  62  square  miles.  ] 
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WEST  CANADA  CREEK  AT  HIDDLEVILLE,  NEW  YORK. 

his  ci-eek  rises  in  the  southwestern  part  of  Hamilton  County,  New 
k,  and  flows  in  a  southwesterly  direction  through  Herkimer 
inty,  emptying  into  Mohawk  River.  It  has  considerable  fall 
)aghout  its  length,  with  chances  of  water-power  development, 
usnrements  of  flow  have  been  made  at  Middleville,  at  the  dam  of 
Nelson  Knitting  Company.    The  drainage  area  of  West  Cai\»^^ 
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Cre^k  ml  this  poifit  is  519  ^qumre  miie^.     Tlief«  is  m  g^fi0  located  just 
afaora  Ibii  dara  wiilrii  giTBs  the  aaptli  of  «mter  on  creest ;  als^ 

le  in  Hio  tubrnm  ai  ih^  Xelson  Knittla^  MilL    Thef^ 
i  in  dit  IftOrMM  of  the  gtisttmll  ^nd  planing  mill  located 
below  on  llie  same  lie«dt«ee.     By  these  g^g^s  lh#  flow  m  determined 
over  the  dam,  thrQUfli  ihe  wtiaek  of  the  Kelsoa  Knitting  Compan^r'^ 
mill,  and  at  the  gri^mil!  and  piamng  mill.    The  ^iam  m  of  timber,  with 
r  little  leakage.     In  tfae  Kelson  Knittinf  Mill  is  one  66-iQeh  standard 
ttirblne,  in  the  planinjEt  mill  one  S4-iiieh  Rochester  turbine^  in 
^aawmUl  one  28-iach  Chaae  tnrbine,  and  in  the  gristmill  one  36-inc!li| 
Camden  turhioe.     Ob^rvaliona  irf  the  height  and  amonut  of  g&taj 
opening  of  tbe^  wheels  are  made  twice  a  day  by-  E,  J-  Nelson.    Near  I 
the  center  of  the  dam  there  is  an  ice  slide  56  feet  in  length.     The  pro-  f 
file  of  the  ere^t  is  nearly  horisoolal  e&«ept  at  the  ice  slide.     The  ttow 
over  thiB  dam  is  compnted  from  Barn's  experiments  of  December, 
V^&5t  Sieries  Xo.  170.    The  experimental  section  of  weir  correspoDdiB^ 
to  the  Rexfoid  Flats  dam  agrees  more  closely  to  the  form  of  tlie 
MiddleviOe  dam  than  the  experimental  weir  used  by  Bazin.    A  revi§ed 
dineharge  curve  has  been  drawn,  osing  the  eoeMcietit^  as  found  la  ttid 
Cornell  rniversity  experiment  Ko.  15,  corresponding  to  the  Reiforf 
Flats  dam.     For  a  cro^  section  of  this  dam  see  Mr.  Rafter's  papftr  J 
**On  flow  of  water  over  dams."' 
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MOHAWK  BIVBB  AT  UTTLB  FALLS,  NEW  YORK. 

e  second  point  of  measurement  of  Mohawk  River  was  at  Little 
\j  where  the  drainage  area  of  the  Mohawk  River  is  1,306  square 
s.  There  is  at  this  point  a  stone  dam  which  furnishes  power  for 
kstronga  Knitting  Mill  and  the  Little  Falls  Pax)er  Company's  milL 
gage  in  the  headrace  of  the  Astronga  Knitting  Mill  gives  the 
It  on  the  crest  of  the  dam  and  with  the  gage  in  the  tailrace  gives 
[lead  on  the  wheels.  These  two  gages  are  read  by  J.  J.  Gil- 
There  is  a  gage  in  the  headrace  and  one  in  the  t^iilrace  of  tlie 
e  Falls  Paper  Company's  mill,  giving  the  head  on  the  wheels. 
»rd  of  these  gages  is  kept  by  William  Hoffman.  The  dam  varies 
)what  in  section  from  one  side  of  the  river  to  the  other.  The 
i  of  the  dam  is  horizontal  and  is  divided  into  two  parts  to  facil- 
computation,  on  account  of  the  variation  in  sections.  The  flow 
section  A  was  computed  from  Bazin's  experiments  of  July,  1887, 
117;  and  that  over  section  5,  from  Bazin's  experiments  of  June, 
,  series  No.  135.  A  revised  discharge  curve  was  later  used,  based 
I  Cornell  experiments  Nos.  16  and  17.  In  the  Astronga  Knitting 
there  is  installed  one  43-inch  and  one  54-inch  T.  H.  Risdon  &  C<>.'s 
ine;  and  in  the  Little  Falls  Paper  Company's  mill  one  60-inch  Cam- 
one  36-inch  Camden,  and  one  42-inch  Camden,  also  one  60-inch 
b1  built  by  M.  Reddy.  Records  are  kept  of  the  flow  through  all 
liese  wheels  whenever  running. 

noted  daUy  discharge^  in  seeondrfeetf  of  Mohawk  River  at  Little  FaUs,  New 

York,  for  1899, 
[DraiBAge  area,  1,306  aqnare  miles.] 
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EAST   CAKABA    CREEK   AT  DOLQEVILLE,    SEW  YORK. 

This  creek  ris^  in  Hamiltoa  County,  New  York,  and  flows  in  a 
Boutherl}"  direction   l)etween    Fnltan  and   lierkimesr   eoniitles    into 
Mohawk  River.     Observtitions  are  t>akefi  on  thii*  creek  at  Dolgt^vilk, 
about  7  mil^  from  its  junction  with  th©  Mohawk,  reached  from  Little 
Falls  by  a  branch  of  the  New  York  Central  Hallroad.     The  station  is 
loojited  at  the  stone  dam,  which  fnmishes  power  for  the  DolgeriUe 
Electric  Light  Company.     The  dam  is  at>out  l^  feet  high,  of  solid 
stone  masonry,  and  the  water  im|K>nnded  is  conducted  from  the  dam 
to  the  power  house,  a  distance  of  about  500  feet,  throngh  a  wrought^ 
iron  flume  10  feet  in  diameter.     A  gage  located  on  the  abutment  of 
the  dam  and  one  in  the  tailrace  of  the  power  house  are  read  twiae 
each  day  by  Henry  Me3'er,  who  is  employed  in  the  power  house.    Tlie 
crest  of  the  dam  is  horizontal,  and  flow  over  it  is  computed  from 
Bazin^s  experiments  of  July,  1887^  series  No.  117.     Experiments  knouij 
as  No,  13  were  carried  on  at  Cornell  University  to  determine  coefficients 
of  flow  over  a  weir  of  similar  form.     In  the  power  house  there  are 
installed  three  Smith- Vaile  Victor  wheels;  two  of  them  3*5  Inch  and 
on©  15  inch.     Kecords  are  kept  of  the  dailj'  head  on  these  wbeeb  ntal 
the  amount  of  gate  openings. 

Etiinuttifit  daily  dtMctmrge  in  sfcofid-feet  of  Ecuit  Canada  Creek  at  Ik^geviik,  A«f 

York,  for  1899. 
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NEW   YORK.  53 

GAROGA  CREEK  AT  PORT  PLAIN,  NEW  YORK. 

This  stream  rises  in  Fulton  County,  New  York,  and  flows  in  a  south- 
esterly  direction  into  Mohawk  River.  Observations  for  the  compu- 
on  of  flow  have  been  taken  at  Levi  Yoran's  mill,  at  Fort  Plain.  The 
sun  here  located  is  of  wood  and  fairly  tight.  Gages  were  read  above 
le  dam,  giving  the  height  on  crest,  and  in  the  tailrace  of  the  mill. 
he  water  is  conducted  from  the  creek  above  the  dam  through  the 
dll  by  a  4-foot  circular  flume  laid  underground.  The  flow  over  this 
am  is  computed  from  Bazin's  experiments  of  July,  1894,  series  No. 
30,  with  q=8.025mLIl'.  Experiments  were  afterwards  conducted 
t  Cornell  University,  from  which  new  coefficients  were  determined 
jid  a  revised  discharge  curve  plotted.  In  the  mill  there  is  installed 
me  28-inch  and  one  11-inch  Lesner  turbine,  made  at  Fulton ville.  New 
fork.  These  wheels  were  seldom  used,  but  when  they  were  run  care- 
ful records  were  kept  of  the  head  and  gate  openings,  so  that  the 
(quantity  passing  through  the  wheels  added  to  the  flow  over  the  dam 
would  give  the  total  flow  of  the  creek.  On  May  30, 1899,  observations 
at  this  station  were  discontinued. 

CAYADUTTA  CREEK  AT  JOHNSTOWN,   NEW  YORK. 

This  creek  rises  in  Fulton  County,  New  York,  and  flows  in  a  south- 
erly direction  into  Mohawk  River  near  Fonda.  Observations  are 
made  at  the  dam  of  the  Johnstown  Electric  Light  and  Power  Com- 
pany, 1  mil©  below  Johnstown,  the  record  being  kept  by  E.  Shook, 
superintendent.  The  dam  is  33  feet  high,  is  built  of  timber,  and  has 
Very  little  leakage.  The  impounded  water  is  carried  from  above  the 
<iam  to  the  wheelhouse  through  a  5-foot  circular  wooden  flume. 
Gages  are  read  above  the  dam,  giving  the  height  on  crest,  and  in 
the  tailrace,  which  show  the  head  on  wheels.  The  profile  of  the  crest 
is  somewhat  irregular,  and  to  facilitate  computation  has  been  divided 
into  four  parts,  the  crest  lines  of  each  part  being  assumed  horizontal. 
The  flow  over  section  C,  which  is  the  regular  spillway,  is  computed  from 
Bazin's  experiments  of  July,  1894,  series  No.  130,  with  q=8.025mLH'. 
The  flow  over  sections  Ay  By  and  D,  which  are  the  bulkheads,  is  com- 
puted from  Bazin's  experiments  of  July,  1887,  series  No.  115.  Experi- 
ments upon  sections  which  are  considered  to  correspond  more  closely 
^th  the  (conditions  at  Johnstown  were  carried  on  at  Cornell  Univer- 
®%,  and  a  revised  discharge  curve  derived,  using  the  coefflcients 
determined  by  the  Cornell  experiments.  In  the  computation  for  the 
'^vised  discharge  curve  the  coefficients  derived  from  experiment  No. 
^2,  corresponding  to  Bazin's  experiment  No.  115,  were  used  for  sections 
;^>-B,and  D;  and  those  determined  by  experiment  No.  2,  correspond- 
^  to  Bazin's  series  No.  135,  were  used  for  section  O. 
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^B  Fcir  a  cnsBs  aeelioa  ctf  t&is  dam  see  Mr.  Rafter's  P^P^r  '^^i^  fl<^  <^f 
water  ii^er  dmiii&" ' 
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d  Bepairitiff  dua;  water  ilr&vn  off  October  d>  to  ^ 
BCHOHABIE   CREEK  AT   FORT  HUXTER,    NEW    YORK. 

Schoharie  Creek  rif^s  in  Green  County,  Nt^w  York,  and  flows  in  a 
northerly  diretition  throngh  Schoharie  and  Monlgonierj'  counties,  aud 
empties  into  Mohawk  River  near  Tribes^  Hill  Station.  Observatioii^ 
for  the  computAiioii  of  flow  are  made  on  this  ereek  at  the  State  dam, 
which  irapounds  wat^^r  for  the  feeder  of  the  Erie  Canal  at  Fort  Hunter. 
The  darn  is  of  timber  and  practicaUy  free  from  leakage*  The  profile 
of  the  crest  of  the  dam  is  somewhat  irregular,  and  to  facilitate  eompfl' 
tation  is  divided  into  six  parts,  each  part  being  assumed  horizont^- 
The  value  of  the  coefficients  of  flow  over  thiaS  dam  has  been  ubtaino^ 
by  taking  the  mean  of  the  coefficients  for  series  Nos,  117  and  141  of 
Bazin's  experiments.  Cornell  experiments  No.  114,  performed  upoP 
the  section  coi'rf^spondiiig  to  the  Rexford  Flats  dam,  was  eonsidere<3 
to  conform  more  closely  to  the  conditions  at  Fort  Ihmter  than  the 
sections  tised  by  -Bazin,  and  a  revised  dischai'ge  curve  was  drii^i 

« Proc.  Am-Soc,  CIt.  Eng.,  Mai^,  \vm,  YoL  XXV  1>  No.  3,  p.  Bie. 
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g  the  Cornell  coeffioients.^  A  measurement  of  Schoharie  Cieek 
made  near  the  village  of  Schoharie,  New  York,  by  students  of  the 
mer  School  of  Surveying  of  the  Massachusetts  Institute  of  Tech- 
gy  in  June,  1889,  under  the  direction  of  Prof.  George  F.  Swain. 
Burement  was  made  by  means  of  a  Fteley  meter.  The  results 
red  a  discharge  of  972  second-feet. 

mted  daUy  discharge  in  second-feet  of  Schoharie  Creek  at  Fort  Hunter.  New 

York,  for  1899. 

[Drminage  area  M7  sqiutre  miles.] 
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a  Data  not  raffldent  to  comimte  record  for  July,  Angost,  and  September 


MOHAWK  RIVER  AT  SCHENECTADY,   NEW  YORK. 


few  measurements  of  the  flow  of  Mohawk  River  have  been  made 
'reeman's  toll  bridge,  about  one-fourth  of  a  mile  above  the  Dela- 
)  and  Hudson  Canal  Company's  railroad  bridge  and  about  1  mile 
w  the  New  York  Central  and  Hudson  River  Railroad  bridge.  A 
[K>rary  station  was  established  here  on  January  28,  1899,  and 
Dtained  until  September  30,  1899,  by  Prof.  Elton  D.  Walker,  of 
on  College,  Schenectady,  New  York.  The  observer  is  Mrs.  J. 
j;in.  The  equipment  consists  of  a  wire  gage  with  a  4-pound  iron 
I  weight  and  galvanized  line.  The  graduated  rod  is  fastened  to 
guard  rail  on  the  upstream  side  of  the  northwest  section  of  the 


I  flow  of  water  over  dams,  by  Oeorge  W.  Bafter : 
UVI,Na8.p.8l7. 


Proc  Am.  Soo.  Civ.  Bng.,  March,  1900^ 
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bridge  and  if*  murkesU  io  teuihe  of  a  foot  from  zero  to  17  feeL  Thew 
a  bench  mark  on  the  upstream  end  of  the  top  of  the  capstone  on 
the  pier  nt^arest  the  northwest  or  right  bank  of  the  river.  A  second 
bench  mark  is  the  southerly  corner  of  the  top  of  the  masonry  bridge 
seat  on  the  upstream  end  of  the  northwest  abutTneiit.  Both  bench 
marks  are  23.f»6  feet  above  the  zero  of  the  gage.  The  initial  point 
for  wiiiidingM  is  the  face  of  the  bridge  seat  on  the  upstream  end  of 
the  soiithciist  abutment.  The  channel  is  approximately  straight  and 
of  uniform  width  for  0(X^  feet  above  and  half  a  mile  below  the  site. 
The  section  is  obstructed  by  three  piers  and  crib  foundations,  but  is 
otherwise  good.  The  swiftest  current  is  through  the  scmtheast  span* 
The  right  bank  is  low  and  liable  to  overflow,  but  the  road  running  to 
the  northwest  i>n3 vents  the  overflow  passing  around  the  bridge  except 
in  unusually  high  freshets.  The  left  bank  is  high,  being  the  tow- 
path  of  the  Erie  Canal,  and  is  not  liable  to  overflow  except  in  extremely 
high  freshets  occurring  at  the  time  of  an  ice  jam  in  the  river  below, 
Measurements  are  madi?  fnjm  the  upstream  side  of  the  bridge.  The 
three  following  discharge  measurements  were  made  during  18l)9  bj 
Pi'of.  E.  D,  WaUcer:  April  3,  gage  height  7.18  feet,  discharge  5,296 
second-feet;  May  26,  gage  height  6.23  feet,  discharge  2,003  second- 
feet;  June  30,  gage  height  5.3B  feet,  discharge  482  second-feet. 

DaUff  gage  height  in  feet  of  Mohawk  River  at  SGhenectady,  New  York^for  W^* 
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MOHAWK  BIYER  AT  REXFORD  FLATS,   NEW  YORK, 

^rvations  of  river  height  are  made  at  Rexford  Flats,  4  miles 
Schenectady,  for  the  computation  of  flow  of  Mohawk  River. 
(  a  State  dam,  built  of  solid  masonry,  with  a  timber  apron,  and 
ties  water  for  the  feeder  of  the  Erie  Canal.  Gages  are  read 
ig  the  height  on  crest  of  the  dam  and  the  head  on  the  feeder 
o  that  the  amount  of  water  flowing  over  the  dam  into  the  feeder 
determined.  The  profile  of  the  crest  of  the  dam  is  irregular, 
facilitate  computation  has  been  divided  into  five  sections.  The 
of  the  coefficients  for  any  depth  on  the  crest  of  this  dam  has 
btained  by  taking  the  mean  of  the  corresponding  coefficients  for 
Nos.  117  and  141  of  Bazin's  experiments.  Experiments  were 
i  on  at^Comell  University  to  determine  the  coefficients  of  flow 
tt  experimental  weir  of  the  exact  form  of  the  one  located  at  Rex- 
lats.  This  was  kno^Ti  as  "Cornell  experiment  No.  14."  A 
i  discharge  curve  was  computed,  using  the  coefficients  as  deter- 
by  these  experiments.  H.  R.  Betts  is  the  observer  at  this 
I.  In  comparing  the  results  obtained  at  Little  Falls  and  Rex- 
'lats,  Mr.  Robert  E.  Horton,  who  has  made  the  computations, 
that  he  has  not  been  able  to  reconcile  them,  the  former  appearing 
the  more  accurate  and  the  latter  too  small  in  proportion.  For 
J  section  of  this  dam  see  the  paper  * '  On  flow  of  water  over  dams," 
orge  W.  Rafter:  Proc.  Am.  Soc.  Civ.  Eng.,  March,  1900,  p.  312, 

\i9charge  in  aecond-feet  of  Mohawk  River  at  Rexford  Flats^  New  York^  for 

1899. 

[Drainage  area,  3,385  square  miles.  ] 
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SCHSOOX  mrWB  at  WAKEKJISBtraO,  hbtit  tobk. 


I 


This  river  nsea  in  Essex  Coaiit^,  Along  the  soulherii  slopes  of  the 
highest  mouQtaina  in  the  Atlantic  gronp,  and  Hows  in  a  general  M»otb- 
erlj  ^iFGtMon  far  sboat  45  miles^  nntil  it  joinfi  Hudson  Hiver^  ai 
described  id  Water-Sapply  Paper  Ko,  24,  page  43.  Thei^  are  eo 
developed  water  powers  excepting  that  at  Warrensbttrg,  near  the 
mauth.  At  this  point  reeords  of  river  height  have  be«n  kept  by  J, 
Good  fellow,  the  Biip<*rinteiident  of  the  Sehn>on  River  Pulp  Company, 
Tlie  dam  at  this  point  was  boilt  in  1893,  and  is  said  to  be  a@  tight 
at»  any  of  its  kind.  The  obeervatioiis  were  begnn  in  1S95,  the  gi^ges 
h^ing  established  by  Mr.  George  W<  Rafter  in  connection  with  his 
Invei^tigatioiiB  of  the  Upper  Iladson  storage  snrveys,  in  pr<^:i«68  at 
that  time,  Mr,  Wallace  Greenalch,  as  aasiBtatit  to  Mr.  Rafter,  com- 
pnted  the  flow  of  the  river,  but  in  his  opinion  these  computations 
were  to  a  certain  extent  \itiated  by  the  possible  leakage  through  th& 
dam  and  complications  mtrodnced  by  flashboards  being  conttnnaOy 
changed. 

Hin)S(D!i  RIVER  AT  FOEt  KDWAHD,  KKW  YORlC, 


This  river,  a«  a  whole,  has  been  descril>ed  in  Water-Snpply  Papere 
No»,  24  and  ^5.  Kstimate^  of  ilow  have  been  made  at  two  points^  tb<» 
upper  at  Fort  Edward,  about  lialfway  between  the  mouth  of  Schroon 
Ri  ver  and  Albany,  and  the  lower  at  Mechanic vi lie,  above  the  month 
of  Mohawk  River.  Records  are  being  kept  of  the  height  of  water 
8urfac(^  above  tlu*  crest  of  the  dam  at  Fort  Edwartl  by  the  Int-eruational 
Pai>er  Company,  E.  A.  Carr,  supenotendent.  The  estimated  dischar^ 
was  computed  at  the  office  of  the  St^te  engioeer  and  aurv^eyor^  btit 
without  taking  tlie  mcMlifications  introduced  by  the  flashboards  into 
jKtcounL  The  datn  woro  later  phicod  in  the  hands  of  Mr.  Robert  E. 
Horton,  but  ho  has  had  opportunity  to  oompute  the  flow  during  only 
one  or  two  months.  There  is  a  peculiarity  in  regai-d  to  the  method 
of  rea<ling  the  gage,  but  otherwise  the  results  are  satisfactory"  and 
worthy  of  computation. 

HUDSON  RIV^ER  AT  MECHANlCVlLIiK^  NKW  VGRK. 

A  daily  record  of  the  height  of  water  passing  over  the  dam  of  tte 
Duncan  Company,  at  Mechanieville,  New  York,  has  been  kept,  witb 
fow  omis.sions,  since  1837,  as  descrilied  in  the  report  x)repared  by 
George  W.  Rafter.  ^  These  observations  are  made  twice  daily,  at.  ^ 
a.  in.  ;intl  at  4  p,  m.,  except  Sundays,  when  the  afternoon  observa- 
tions are  omitted.  The  depth  of  the  water  on  the  crest  of  the  dam  is 
measured  at  a  point  sufficiently  removed  from  the  crest  not  to  be 
influenced  by  the  curve  of  the  water  surface.     Besides  these  readings, 

» Water-Supply  and  Irrigation  Paper  No.  24,  page  78. 
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the  difference  in  elevation  between  the  surface  of  the  water  at  the 
entrance  and  discharge  from  the  water  wheels  is  noted.  The  flow,  as 
stated  by  B.  P.  Bloss,  the  engineer  of  the  Duncan  Company,  is 
obtained  by  the  use  of  Francis's  formula  for  weirs  with  wide  crests: 
q=3  LH|,  in  which  q  is  the  discharge  in  cubic  feet  per  second,  H  the 
head  in  feet  on  crest  of  the  dam,  and  L  the  length  of  the  dam,  which, 
in  this  case,  is  794  feet.  The  coefficient  used  (3)  was  determined  for 
dam  of  similar  cross  section.  When  the  water  wheels  are  in  opera- 
tion the  head  on  wheels  is  determined  by  observation,  and  the  amount 
of  water  used  on  each  wheel  under  the  given  head  is  taken  directly 
from  the  table  given  by  the  water-wheel  builder.  There  being  no 
leakage  of  the  dam  or  canal  the  sum  of  the  flow  over  the  dam  and  the 
flow  through  the  wheels  gives  the  total  flow  of  the  river  at  the  time 
of  the  observation. 


DaUy  discharge  in  necond-feet  of  Hudson  River  at  MedianiemUey  New  York, 

[Drainage  area,  4,500  square  mileo.] 

1896. 
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5.2S1 

a  Discharge  Aagust  25  to  September  4,  not  exact,  owing  to  irregular  flashboards. 
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Daily  discharge  in  second-feet  of  Hwison  River  at  2iechanicriUe^  Xeur  York- 

Contmned. 


Day 


Jaa,      Feb. 


3- 

4.. 

5- 

6  . 

7 

8  . 

9. 
10 
11- 
12- 
13- 
11. 
,15. 
16. 
17. 

18. 

19. 

ao. 

21- 


23 

U 

» 

y\ 

t! 

29 

30 

a 

Mean 


4.30 

x»ir) 

4,3a* 

l.aitt* 

5.3^ 

4,aK< 

6J«^ 

4,l5r* 

^AtA- 

4,uiJe 

8.W 

4.2St 

«t.3«fr> 

4.0i» 

h,tm 

4,:t:5 

i4.€a6 

3,44^ 

fi.3d2 

5.605 

rj,766 

3.tts; 

0.291 

4,ikS;E 

5.^7^ 

4.1W 

o,iidr* 

4,5(>t 

T.iSi 

i,aJUi 

t*,«Hii 

4.TW 

10.153 

5.5l*if 

9,<5S5 

li.i»l[ 

7,^3|i 

5,fl3r> 

fl.^1 

5,1MT. 

li.SflT 

4,^55i 

■VTrci 

.i.*J«*J, 

5.**: 

lil.iKJ 

5.r,ii: 

7.311 

n.i*i*j 

a.SKrr 

n->,    *J,0 

.i.^V 

:.,  4.-^ 

6.  iTll 

4.a4o 

10.  ^IK 

4.2«>, 
4.31A. 

(i,437; 


&,l4i 


12, 
9.nCT 

7.fll» 
7,315 
iLTdkl 
IS.  437, 
l:*,15^ 

10.  Ml:* 

11.3S0 
*.«7)> 

8.eS7 

fl.«15 
LSI* 
»,76Si 


SAWKILL   RIVER  NEAR   KINGSTON,    NEW    YORK.   ' 

The  Sawkill,  a  small  stream  which  supplies  Kingston,  New  York, 
with  water,  has  l)een  measui*e<l  by  Mr.  William  Rich  llntton,  at  a 
point  about  4.5  miles  above  its  mouth  in  Esopus  Creek,  its  discharge 
being  1.25  second-feet.  On  two  occasions  after  heavy  rains  the  dis- 
charge at  the  same  place  has  l)een  mon*  than  s,00(^  second-feet  from 
4  drainage  area  of  35  square  miles.  This  quantity  cimtinueda  very 
short  time,  probably  about  an  hour.  The  location  of  this  stream  is 
shown  on  the  Kaaterskill  topographic  sheet.  It  risi»s  l>ehind  Over- 
look Mountain,  flows  by  the  village  of  Woodstock,  and  joins  the 
Esopus  alK)ut  4  miles  Inflow  tln^  city  of  Kingston.  Reservoir  Xo.  1  is 
shown  on  the  map,  but  reservoir  No.  2,  constructed  in  18t)7,  about  1^ 
miles  Indow  Woodstock,  is  not  givtm. 

In  April,^  1895,  the  mountains  being  cov<*red  with  snow  12  inches 
deep,  there  rwcurred  a  south  wind  and  light  rain  for  two  days 
followe<l  by  twelve  hours  of  very  heav}'  rain.  On  tli<»  evening  of 
April  4  the  water  in  reservoir  No.  1  began  to  rise  rapi<lly,  and  about 
^p.  ni.  the  noise  of  the  floating  logs  and  ice*  and  the  rapidly  nsing 
Water  alarmed  the  gat^^  keeix^r  so  that  ho  moved  his  more  impoi'tAnt 
furniture  by  boat  to  higher  ground.  At  midnight  the  water  was  at  its 
highest  an<l  by  8  a.  m.  on  Ai)ril  5  it  was  falling  rapidly.  From  the 
Maximum  heiglit  of  water  on  the  spillway  it  is  comi)ute<l  that  the  out- 
^ow  of  the  reservoir  was  a  little  less  than  8,0(K)  second-feet.  In  1896 
^*  in  estimated  that  a  similar  floo<l  furnishe<l  over  8, OCK)  second-feet. 


This  stream  receives  its  waters  from  the  drainage  area  immedv 
ately  north  of  the  city  of  New  York  and  east  of  llndson  Rivor.  It 
flows  in  a  general  southerly  and  westerly  course,  emptyitig  into 
the  Hudson  above  Sing  Sing,  A  number  of  reservoirs  have  lie^n 
built  within  its  Imsin  for  the  water  supply  of  the  city  of  l^ew  York, 
and  a  new  dam  is  l>eing  coastruet*^  aboiit  3,'i  miles  alxive  the  moutbt 
at  what  18  knowu  sm  the  "Cornell  site,"  The  location  of  the  river 
and  principal  reservoirs  is  shown  on  the  West  Point,  Carniel,  Tany- 
town,  and  Stamforti  topographic  sheets  of  the  United  Statc*s  Gt*olog- 
ieal  Survey,  Figures  of  the  >ield  of  this  watershed  have  l>een  prfr 
pai-ed  by  the  engineers  of  the  aqueduct  commission.  The  monthly 
discharges  in  second-feet  for  the  years  1870  to  1808  have  been  printed 
in  the  Twentieth  Annual  Report,  Part  IV^  page  83.  The  following 
table»  obtained  from  Mr.  W,  R,  Hill,  chief  engineer,  gives  a  c^ntiiiD- 
ation  of  this  for  1899.  The  figures  of  rainfall  are  those  obtained  lit 
Boyds  Corners,  in  Croton  basin. 

Eait^faii  and  run-off  of  Croton  River  ff>atersh^  for  1899^ 


0PEBATI0N8  AT  EIVEE   8TATIONS1    1899, — BART  h        m^ 


CROTON   RIVER. 


MoOth. 


Pehrnftry .,,.. 
MAr€h  ........ 

Jnpfl  . ,.,„ 

July-* . 


BjOafBll 


Lm 

6.07 
7.58 

6.  SB 


Bxm-oS. 


a4i 


AumtiL 


Sept4?mbfl(r. . . . 

Cctobor... 

NoFumber,... 

Tho  roar 


Bftlnfjai 


tlL4S 

s,nG 
2.75 


Bq»<A 


SOS 


The'  total  depth  of  rnn-off  in  inehe?*  during  ISfiii  wan  25. o5,  thi^ 
being  53  per  cent  of  the  rainfall,  as  given  m  the  above  t^ihle. 

DELAWARE    RIVER   AT   LAMBERTVILLE,    NE%V   JERSEY. 

This  river  rist*s  in  DelaT^-^are  County,  New  Vnrk,  Ho  wis  in  a  southerly 
direction,  fortning  the  boundary  between  the  iStat-f^^  of  P*mnsylvaiiia 
and  Newtlersey,  and  empties  into  Delawatv  Bay.  Measiireuteiitso^ 
flow  were  made  in  1891  by  I*rof.  Dwight  Porter  and  students  al  tl'^" 
Delaware  Water  Gapj  Pennsylvania.  Tlie  results  show  a  flow  *>^ 
from  2,tX10  to  2,200  second-feet  during  the  latter  half  of  June,  ISDl^ 
This  was  said  to  l>e  the  lowest  June  stage  for  five  yeurs.  M ensure 
nients  were  miide  during  the  drought  of  1895  by  Prof.  L,  jM.  Ibiupt  H^ 
Point  Pleasant,  Pennsylvania,  near  the  intake  of  the  Delawim^  iui*^ 
RivritAU  Canal  feeder.  Tlie  diseharge  above  the  bridge*  was  1,^-^' 
eeeond-feet  and  below  the  bridge  1,328  second-feet.  Delaware  Rivei^ 
was  measured  by  E.  G.  Paul^  June  4,  lti99,  at  Martina  Ci-eek,  Pi^nH' 
sylvania,  7  nilles  above  the  uiouth  of  Lehigh  River,  and  a  disebftil* 
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1,724  Heoond-feet  was  found.  Lehigh  River  was  measured  on  June 
899,  by  E.  6.  Paul,  at  the  Olendon  Bridge  at  Easton,  Pennsylvania, 
I  was  discharging  991  second-feet.  Systematic  measurements  of 
)T  height  were  begun  on  July  23,  1897,  at  the  covered  toll  bridge 
Lambertville,  New  Jersey,  a  town  on  the  Belvidere  division  of 
Pennsylvania  Railroad,  16  miles  above  Trenton.  The  gage, 
ibiished  by  E.  6.  Paul,  consists  of  a  stamped-link  brass  chain  33 
t  long,  with  a  6-pound  sash  weight  attached.  The  chain  passes 
)r  a  pulley  and  the  index  is  referred  to  a  scale  painted  on  a 
izontal  board  32  feet  long,  fastened  t.o  the  studding  and  inclosed 
a  wooden  cover.  The  zero  of  the  gage  chain  is  marked  by  a 
per  rivet,  which  is  28.85  feet  from  the  end  of  the  weight,  and 
ds  2  feet  when  the  water  is  at  zero  on  a  gage  on  the  first  bridge 
r.  Measurements  are  made  from  the  windows  of  this  covered 
flge.  The  initial  point  for  soundings  is  on  the  left  bank.  The 
amel  above  and  below  is  nearly  straight,  the  water  being  slug- 
h  for  a  short  space  on  the  left  side.  The  right  bank  is  high 
i  the  bed  of  the  stream  is  of  gravel  and  sand.  The  observer  is 
arles  H.  Naylor,  collector  of  bridge  tolls,  Lambertville,  New  Jersey, 
icords  of  measurements  may  be  found  as  follows:  1897,  Nineteenth 
innal  Report,  Part  IV,  page  122 ;  1898,  Twentieth  Annual  Report, 
rt  rv,  page  85.  Three  measurements  were  made  during  1899,  by  E. 
Paul,  as  follows:  March  31,  gage  height  6.30  feet,  discharge  27,737 
xmd-feet;  June  2,  gage  height  3.70  feet,  discharge  6,410  second- 
)t;  September  19,  gage  height  2.75  feet,  discharge  2,430  second-feet. 

^gage  height^  in  feet,  of  Delatoare  River  at  LambertmUe,  New  Jersey,  for  1899, 
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Jkq. 

FahL 

M*r. 

Apr. 

Mmr 

4,75 
4.60 
4.60 

4.ao 

Am 
4.10 
4.00 

Juno. 

July. 

A„,. 

8«pt. 

Oct. 

Not. 

Dec. 

1 

4.9& 

(a> 
(a> 
(a) 

7,  on 

«.55 

*.lo 

5,80 

&.a6 

5,00 
i.8ft 
4.W 
G.Ofi 
5,40 
&.M 
6.10 
5.  SO 
5, 3D 
5,311 
iM 
505 
i.Og 
7.  ,11 

e,oo 

6.flO 
5,35 
4.  OS 
4.» 

47S 

i! 

4.50 
4. 15 

4,40 
1.40 
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a) 
a) 
a) 
W 
¥\ 

w 

ia) 

7.m 

ft.  65 
5.71> 
A.0& 
5,fl5 
5.65 
&,45 

*,80 
41.86 

6.  an 

A.  95 
7.95 
g.30 
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a.s5 

6.25 

n.m 

5,fl5 
fit  70 
5.90 
T.40 
11  10 

3.00 
3.60 
3.3r) 
3,ao 
3,(r> 

3.00 
2.86 
3.m 
2.00 

4.40 
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3.75 
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3.(50 
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4.30 
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4.00 

4.as 
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3^ 
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3.00 
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3.15 
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2M 
3.75 
3,90 
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3.75 
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G.3S 
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S.0O 

4.0® 
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4.3S 
1.10 

4.06 

3.oa 

3.00 
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3.40 
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3.40 
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3.30 
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3.30 
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OPERATIOHH  AT  EIVER   STATIONS,    1899, — ^PABT   L         l^^ 


TOHICKON   CREEK  AT  POIKT  PLEASANT,  PENNSTnUVAJOA, 


IThi»  stream  drains  an  area  of  102  square*  mik»s  in  tlu*  eastern  por- 
tion of  Pennsylvania  and,  flowing  easterly,  disehai^es  into  Delaware 
River  nljout  8  miles  above  Lambert^ille^  Uew  Jersey,  Measuremeota 
of  the  stream  were  l)egiin  in  1885  by  Mr.  Rudolph  Tiering,  and  mn- 
tinned  by  Mr*  John  E*  Codmanj  hydrographer  for  the  water  departs 
ment  of  the  city  of  Philadelphia.  The  results  by  months  from  18^ 
to  1898,  inclusive,  are  given  in  the  Twentieth  Annual  Report,  Part 
TV,  be^nning  on  page  98.  The  following  table  gives  the  figures  of 
daily  flow  for  1899: 

Daily  discJuirye  in  mcomh-frnt  of  Tohick&n  Creek  at  I^ni  Ptmtsani,  I^nintnltmniOn 

for  IS93. 

[Dmiiiage  urea*  IQL2  sgnara  miJeB.] 
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NESHAMINV    CHEEK   AT   FOKKS,   PPINNBYLVAXIA. 

The  ilraibage  ba^in  of  this  ei-eek  is  immediately  nouth  of  tluit  of 
Tohiekon  Creek.  The  wtitert^i  of  Big  NeRhaniiiiy  How  in  n  geiKinil 
easterly  course,  and  after  joining  the  Little  Neshaminy  eoiitinuo 
southerly  and  empty  into  Delaware  River  about  12  miles  above  tlie 
city  of  Philadelphia.  Measurements  of  the  discharge  of  the  stream 
have  been  made  at  the  forks,  where  the  drainage  area  is  139  square 
miles.     The  monthly  discharges  from  1890  to  1898  are  given  iu  tlie 
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wentieth  Annaal  Report,  Part  IV,  beginning  on  page  104.     The  fol- 
>wmg  table  gives  the  daily  discharge  for  1899: 

tMtly  discharge  in  seeond-feei  ofNeshaminy  Crrekai  Forks,  Pmnsffivania,  for  1899. 
[Draiiuige  area.  13B^  square  mUeo.  ] 
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PERKIOMEN  CREEK  AT  FREDERICK,  PENNSYLVANIA. 

The  drainage  area  of  this  stream  is  immediately  west  of  that  of 
'ohiekon  Creek.  It  flows  in  a  general  southerly  course,  emptying 
ito  Schuylkill  River  about  18  miles  above  Philadelphia.  The  point 
f  measurement  is  at  Frederick,  about  12  miles  above  tlie  mouth  and 
bove  two  large  tributaries,  known  as  West  Swamp  Creek  and  North- 
iist  Branch.  The  monthly  discharges  from  1890  to  1898,  inclusive, 
re  printed  in  the  Twentieth  Annual  Report,  Part  IV,  beginning  on 
age  90. 
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Oaily  discharge  in  seoond-feet  of  Perkiomen  Creek  at  Frederick^  Pennsylvania— 

GontiiiTied. 

1880. 
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WI^AHICKOH   CREEK    Hk^EAIL  PHrUU^ELPHlA,  PEKSSYLVaKIA. 


Thtf  dminage  hatpin  uf  thiin  ereek  is  immedialelj  adjacent  to  Phila- 
dtflpbiA,  and  tjcrtweeD  Li It teNe^ham inland  Perkiomen  creeks.  Me^s- 
iir^tnent^  of  flow  were  ln^gnn  in  ApriU  1SS^7,  under  th**  direetionof 
Mr  John  E.  CkMJman,  at  a  [lotni  about  100  yards  above  the  junetiou 
of  the  cree-k  with  Schuylkill  River,  The  neattltfi  for  1897  and  1898 
have  beeo  printed  in  the  Twentieth  Annual  Report,  Part  IV,  and  the 
daily  flow  to  June  1,  1890,  in  given  in  the  following  table: 
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BCHtrYL.KILL    RIVER   NEAR   PHILADSLFHlA,    PEJ*l^SYl.VAiaA. 

This  river  receives  the  drainage  of  the  portion  of  soiitbeajstem 
P**ntiMylvania  lying  l>etween  the  Lehigh  River  (ju  the  nortli  and  the 
Susquehanna  River  on  the  south.  It  flows  in  a  general  southeasterly 
course,  emptying  into  Delaware  River,  the  rity  of  Philadelphia  being 
loeated  at  the  Junction  of  these  streams.  Records  of  the  height  of 
the  river  at  Fairini>nnt  ihhA  have  been  kept  for  many  year^s,  but  not 
in  sn<;h  form  as  to  Ix^  useful  in  computing  daily  di.scharges.  In  181*!?, 
however,  careful  estimates  were  1  prepared  by  Mr.  John  E.  Cud  ma  n, 
the  resultjfi  being  given  in  tlie  Twentietli  Annual  Repc^rl,  Part  1\\ 
p J Lge  \i7.     Th e  li gu res  f o r  1 81 1 ! >  a rt^  gi vi^ n  in  the  following  t a b  1  e : 

Thes>  do  not  repivsent  the  total  flow  of  the  sti'eam,  l)ut  tin*  amount 
wa*4ted  over  the  flash  boards  at  Fairmount  dam.  To  this  mnst  be 
adtled  tht.^  pumpage  fi-um  tlu^  river,  amouuting  to  27oJKK^tKK>  gaUona 
pi'v  day,  or  4l'5  seeond-feetj  also  the  leakage,  anjountiiig  to  71,11)0,(1X1 
gallons  per  day,  or  110  seeond*feet;  also  the  quantity  used  for  power  at 
Fairmount,  amounting  to  an  averagu  per  day  of  L^72,<K>0,t)00  gallons,  or 
421  seeond-feet.  Thrre  has  Ixm.mi  no  method  for  obtaining  tht*  daily 
flow  when  the  wat^r  does  not  waste  over  the  fla^shlRiards.  When  th* 
water  is  Im^Iow  the  overflow  line  recourse  is  had  lu  pumping,  and  the 
draft  is  on  the  storage  of  the  pooh  As  soon  as  tlie  water  l>egnis  Xo 
rise  after  «   »*"*"    ^he  turbine  wheels  are  started  and,  thus  it  ofl^o 
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ceurs  that  no  water  flows  to  waste  for  from  one  to  thre*^  months  in 
accession. 

kxQy  discharge  in  second-feet  of  Schuylkill  River  above  Philaddphiaf  Pennsyl- 
vania, for  1899,  being  amount  toasted  over  flashboards  at  Fairmount  Dam, 


Dtey. 

Jul 

57^ 
1711 
SB 

to,  r  JIT 

AlO 
511 
Slg 

I3tt 

tas 

1.431 

aiK 

305 

4.sa6 

14,BWJ 
Lift] 

Fftbt 

Miir. 

Apr. 

Mar, 

June. 

July. 

Aug. 

sn-t- 

Oct. 

m 

477 

l.WJ 
3,l«S 

1.415 
T03 

m 

D«L 

1 

E 

3.-,-- 

4 

S 

A 

T    -„ 

ft,..-. 

11 

S::::: 

5(» 

-we 

1.210 

m 

825 
31 

""fin 
s.aii 

II,1T0 
8,533 
fi,7ir 

^m 

17,735 

ia.i«i 

4,7*» 

&,50* 
*,«J5 
+,4fl« 
4.9ftJ 

r.sis 
r.(H6 

8.  MS 
A  31 IV 

*.ft» 

.S,«l 
K,210 
S.W5 
7,136 
7jy)l 

"-'"' 

440 
S(H 
341 
i™ 

3B5 

514 

8,4^ 
414 

044' 

aiT 

""m  .V.V". 

3H.^i 

^,:!13 

176 

8,1i20 

^i7    

irj 

a,47» 

B,4T*< 
S.47ft 

2,eoa 

5J.47B 

1,(>15 
Si? 

31 

Ml 

m 

"   " 

S3 

m 

i 

"'"'" 

1?::::: 

11 

an 

^':::::r"'»"i 

1  »::::: 

:i,«fi8   U.442 
4,VM*I   10,  WO 

8.  aw    1U330 
».74lt    li.&tS 

--,.,, 

570 

s? 

^1 

981 

1  % 

._.„- 

a 

SI     . 

4,9U 
4,0&4 

i^eoG 

IT,  177 

8.134 
5.«74 

larai 

307 
3W7 

a.H64 

IS? 

1,877 

see 

B 

I  wiS\. 

vsei 

io.yai 

S.flfi8 
I.IM 

4m 

'  Sr:: 

Ml 

i,7TS 

L    M 

\  S:::.. 

m 

SI  <.« 

ii::i\ 

'W 

i.£aH 
i.iae 

"ins 

LflBO 

\ 

Voted  monthly  yield,  in  cubic  feet^  of  Schuylkill  Rityer  above  Philadelphia,  Penn- 
sylvania, for  1899, 


r 


Jannary  .. 
I  Febmary  . 
I    March  .... 

Ajjril 

I    Mky 

Jane 


11,445.838,000 
12.484.000,000 
28,187,700,000 
11,967,000.000 
5,158,450.000 
8.866,560.000 


July 

AuiniBt 

September. 

October 

November. 
December  . 


3,475,700,000 
3,964.400,000 
5,258.910,000 
2,587,900,000 
4,806.{)00,0n0 
5.086,600,000 


NORTH   BRANCH   OF   SUSQUEHANNA   RIVER  AT   WILKESBARRE, 
PENNSYLVANIA. 

This  stream  rises  in  New  York  State  and  flows  in  a  southwesterly 
lirection  until  it  crosses  the  Peiins^ivania  Stat^?  line,  when  it  flows  to 
ho  southeast,  turning  again  near  Wilkesbarre  to  the  southwest,  and 
oins  the  West  Branch  of  the  Susquehanna  on  the  western  border  of 
•Northumberland  County  to  form  Susquehanna  River.  Measurements 
\t  flow  are  made  at  Wilkesbarre  and  Danville,  Pennsylvania. 

Observations  of  fluctuations  of  Susquehanna  River  are  made  by 
he  Weather  Bureau  above  Wilkesbarre,  at  Towanda,  Pennsylvania, 
vhere  the  drainage  area  is  estimated  to  be  8,000  square  miles.  The 
•iver  gage,  made  of  iron  1  foot  wide  and  one-half  inch  thick,  is  on  the 
)B»t  side  of  the  road  bridge  over  Susquehanna  River,  and  is  securely 
K>lted  to  the  masonry  of  the  pier.  The  graduation  is  from  0  to  25 
!eet.     The  higheBt  water  was  29  feet  in  March,  1869.  and  the  lowest^ 
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— QJ,  in  October,  1895.     The  danger  line  is  »t  1&  feet.     The  elcvatiaa 
of  tlie  zero  m  "^33.7  feet. 

The  Wjlkesharri&  litation  was  established  by  E.  G,  Paul  on  March 
80,  IBfiUj  and  b  locatad  at  the  Market  strieet  bridge*  The  g»ge  \&  a 
saah  chain  and  weight  inclosed  id  a  long,  narrow  box,  eoveriaj^  12  feet 
lOt  the  f^ah*  boan!.  The  seale  board  m  divided  into  feet  and  te&ilL^ 
AOd  palnt#Ht  iheeoluruf  the  ironwork.  The  length  of  the  ehain  fnim 
tBTo  to  extreme  ead  of  weight  i«  40.83  feet.  Tb©  initial  iKiInt  of 
aonnding  is  at  the  end  of  the  iron  guard  rait  on  the  left  bank.  Tlw 
ehannel  i^  nl  might  for  a  (|uart4*r  of  a  mile  abbve  and  below  the  %w 
iion,  the  current  sluggish  but  unobstructed.  The  right  liank  i^  low 
and  liable  to  overflow;  the  left  bank  is  above  ordinary  floods.  The 
bed  of  the  stream  is  of  sand  and  gravel,  somewhat  shifting.  The 
observer  Is  O,  Hemstreeti  the  bridge  siuperintendent^  Wilkesbarre, 
F^nusylvaula.  When  this  gage  was  established  there  was  fouD^ 
to  be  a  gage  painted  on  the  bridge  pier,  beiog  a  portion  of  oae 
established  by  the  Weather  Bureau.  The  lower  part  of  this  gage, 
erectad  in  January,  1898,  origioaUy  eousist^id  of  hea\"y  cast- brass 
.plates  grj«luat-ed  to  feet  and  tenths.  The  gage  plates  were  mari^  io 
i4-foot  sections  and  Imlt^d  U}  the  stone  bridge  pier.  The  two  lower 
Motions  of  the  brass  piate^  ha<i  been  torn  away  by  ioe,  so  that  there 
was  no  graduation  below  the  B-foot  mark,  but  readings  were  made  by 
the  Bgures  painted  on  the  stone  pier.  The  zero  of  this  old  gage  m  at 
the  base  of  the  dressed-stone  portion  of  the  pier,  and  is  reported  to  be 
535  feet  above  sea  level.  During  low  stages  of  the  river  the  wat-er 
recedes  from  the  pier,  reiidering  it  impracticable  to  read  the  |iag«* 
So  far  as  could  l>e  aseertaineU,  this  Jms  not  lK*eti  connected  with  the 
city  datum.  Op  account  of  the  low  water,  which  in  181)7  had  goDe 
below  the  city  datum,  it  was  decided  to  put  the  zero  of  the  new  gage 
4  feet  below  the  zero  of  the  old  Weather  liureau  p^g^?  ^**  ii**>  ^^*  iiljvial'6 
minus  i-eadiugs.  lu  order,  therefore,  to  eoinimre  with  f or ujer  nx^onlsi, 
it  is  nect^ssiiry  to  add  4  feet  to  the  old  figures.  The  tlaii*^er  uiark  of 
this  Wejither  Bureau  ^^age  Is  at  14  feet,  or  1ft  feet  of  new  gage,  as  at 
this  elevation  the  wortt  bank  of  the  river  is  umler  water  iu  plaeea^ 
River  reports  frtuu  this  loeality  weit:^  furnished  as  early  as  1888,  I)u^ 
ing  low  water,  uteasurements  were  made  by  wjidiug  at  a  liettcr  crtiss 
section,  at  Retreat,  HMniles  bellow  Wilkes  bar  re.  The  following  meas- 
urement** were  uiade  by  E.  G.  Paul  during  1891*: 

MeuguretnentB  of  North  Fork  of  Sueque^ianna  River  at  WUkejitan^^  Peiin^^liMHUL 
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zt7|f  gage  height,  in  feei,  of  North  Branch  of  Susquehanna  River  at  Wilkesbarrt, 

Pennsfflvania,  for  1899, 
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NORTH  BRANCH  OF    SUSQUEHANNA  RIVER  AT  DANVILLE, 
PENNSYLVANIA. 


This  station,  52  miles  below  Wilkesbarre  and  11  miles  above  the 
loath  of  the  West  Branch,  was  established  on  March  25,  1899,  by 
1.  G.  Paul.  It  is  located  at  the  Mill  street  bridge,  600  feet  soath  of  the 
•ablic  square,  Danville,  Pennsylvania.  The  length  of  the  wire  gage 
rom  25ero  to  the  end  of  the  weight  is  42. 85  feet.  This  gage  is  referred  to 
pine-board  scale  nailed  to  the  hand  rail  of  the  bridge  and  divided  into 
9et  and  tenths.  The  initial  point  of  soundings  is  at  the  end  of  the 
rooden  hand  rail  on  right  bank.  The  channel  is  straight  for  half  a 
tile  above  and  below  the  station.  The  left  bank  is  high,  but  the  right 
auk  is  subject  to  overflow.  The  bed  of  the  stream  is  rocky,  with 
[>me  gravel,  and  is  unchangeable.  The  following  measurements 
rere  made  by  E.  G.  Paul  during  1899: 

March  25,  gage  height,  10.00  feet;  discharge,  47,646  second-feet. 
Jane  8,  gage  height,  3.00  feet;  discharge,  3,927  second-feet. 
July  27,  gage  height,  2.40  feet;  discharge,  2,272  second-feet. 
September  16,  gage  height,  2.00  feet;  discharge,  1,427  second- feet. 
October  17,  gage  height,  1.90  feet;  discharge,  1,163  second-feet. 
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i  WE8T   BRASCH  OF  STSQl  BnAXKA  ,RfVER  AT  ALLKST*^OOD, 

f  PENNSYLVANIA. 

The  We^t  Bmnch  af  Snsquehatina  RiT*^r  ria**s  in  Canibria  County, 
FenriHylvarjui,  and  flown  in  a  i;€*neral  northt^asl€*rly  direction,  meeUiig 
thf*  Kurt  1 J  Branch  on  thr-  weBtern  Iwrder  of  North  urn  be  Hand  Conn  I  y 
and  forming  ^^lLsquehatltla  Riv^r. 

OhHorv'ations  of  height  of  water  on  the  West  Erain-h  have  been 
niiid<*  by  I  ho  Weather  Biin*au  at  Lock  haven,  Pennsylvania,  47  mile* 
aljove  Allenwoofl,  The  drainage  ar^ea  is  given  as  3,740  squan^  mitej 
and  thc4  width  of  river  !,  1:^-5  feet.  The  gage  is  in  two  sections.  The 
lower  net* t ion  is  painted  on  tho  sido  wall  of  the  canal  lock,  and  the 
njjper  in  on  the  highway  bridge  over  the  river.  Tlie  elevation  of  the 
mm  m  555.7  feet  The  highest  wat^r  was  IH  feet,  on  -hi no  J,  1889, 
and  the  danger  line  is  at  ten  feet. 

Below  the  junction  of  the  Ndrt^h  and  West  Branehes  of  Susque- 
hanna Hivcp  observations  have  been  mi\de  of  height  of  wat<^r  by  the 
Weather  Bnrc^au  at  Selins  Grove,  45  miles  above  Harrist>urg.  The 
drainage  urea  is  giv^en  as  17,6rK)  squaiv  miles.  The  river  at  this  point 
\ti  abcmt  I  mih^  witle,  including  an  island  ¥>0  feet  wide.  The  gage  is 
on  the  west  abutment  of  a  railroad  bridge. 

A  gaging  station  waBefilablished  on  the  West  Branch  by"  E,  G.  Paul 
on  March  i*5,  I8l»9,  at  Allen  wood,  Pcuru^iylvania,  20  miles  ulnn-e  i1k» 
junction  with  the  North  Branch,     Meaauremeuts  arc  made  from  th6 
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ablie  highway  bridge,  one-fourth  of  a  mile  east  of  the  railroad  sta- 
on  at  Allenwood.  The  wire  gage  is  42.15  feet  from  zero  to  the  end 
f  the  weight,  and  is  referred  to  a  pine-board  scale  fastened  to  iron- 
ork  of  the  bridge  and  divided  into  feet  and  tenths.  The  initial 
oint  of  soundings  is  at  the  end  of  the  iron  guard  rail  on  the  right 
ank.  The  channel  is  straight  for  one-half  a  mile  above  and  below 
le  station.  The  current  is  sluggish,  but  unobstructe<l.  The  banks 
re  low  and  subject  to  overflow  at  time  of  high  water.  The  bed  of 
le  stream  is  rocky  and  constant.  The  observer  is  Frank  L.  Allen, 
farmer  living  200  feet  from  the  gage.  The  foUowinjj^  measurements 
ere  made  by  E.  G.  Paul  during  1899: 

March  24,  gage  height,  4.90  feet:  discharge,  3*,\o:n  second-feet. 
Jnne  8,  gage  height,  3.00  feet;  discharge,  3,988  8econd-fe«»t, 
July  28,  gage  height,  2.05  feet;  discharge,  1.3(K)  second-feet. 
September  15,  gage  height,  1.90  feet:  discharge,  1,234  second-feet. 
October  IT,  gage  height,  1.70  feet;  discharge,  842  second-feet. 

tti7y  gage  height,  in  feet,  of  West  Branch  of  Susquehanna  Rit'er  at  AUeninHxIf 

Pennsylvania y  for  IS'Jf*. 
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JUNIATA  RIVER  AT  NEWPORT,  PENNSYLVANIA. 


Jnniata  River  rises  in  Center  County,  Pennsylvania,  and  flows  in 

general  southeasterly  direction  into  Susquehanna  River  15  miles 

bove  Harrisburg.     Its  drainage  area  is  mountainous  and  for  the 

lost  part  covered  with  forest  growth.    The  station  was  established 

t  Newport,  about  15  miles  above  its  junction  with  the  Susquehanna, 
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HU8QUEHANNA   RIVER  AT  HARRI8BURG,    PENNSYLVANIA. 


Obsorvations  of  the  height  of  water  in  the  Susquehanna  River  liave 
been  made  for  several  years  at  the  pump  house  of  the  waterworks 
located  In  the  western  part  of  the  city  of  Harrisburg,  Pennsylvania, 
this  being  about  bb  miles  below  the  junction  of  the  north  and  west 
branches.     A  float  is  located  in  the  pump  well  connected  with  the 
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river,  which  indicateH  the  height  of  water  upou  a  painted  scale.  The 
datum  is  the  low-water  mark  of  1804.  Oliservations  are  made  by  the 
engineer,  C.  M.  NagH^each  morning  before  starting  the  pumps.  The 
record  since  181K)  has  been  furnished  by  E.  Mather,  president  of  the 
Hlarrisburg  Water  Ck>mpany.  Measurements  of  discharge  are  made 
from  the  open  iron  bridge  on  Second  street.  The  initial  i>oint  for 
soundings  is  the  iron  upright  on  the  east  end  of  the  bridge.  The 
stream  is  divided  into  two  channels,  with  a  large  island  between. 
The  channel  above  and  below  the  station  is  straight  for  alH)ut  2,500 
feet,  the  banks  high,  and  the  current  of  mo<lerate  velocity.  The  first 
measurement  was  made  on  March  31,  1897.  The  i^esults  of  measure- 
ment may  be  found  as  follows:  1897,  Nineteenth  Annual  Report,  Part 
IV,  pages  122-127;  1898,  Twentieth  Annual  Report,  Part  IV,  page  109. 
The  following  measurements  were  made  by  E.  G.  Paul  during  1899: 

Jnne  11,  gage  height,  1.75  feet;  discharge,  11,746  second-feet. 
Jaly  20,  gage  height,  0.91  foot:  discharge.  6,534  second- feet. 
September  12,  gage  height,  0.75  foot:  discharge,  5,404  second-feet. 
October  25,  gage  height,  0.16  foot;  discharge,  3.625  second-feet. 

Daily  gage  height,  in  feet,  of  Susquehanna  River  at  Harrisburg^  Pennsylvania^  for 
^  1S99. 
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OCTORARO  CREEK  AT  ROWLANDS VILLE,   MARYLAND. 


This  stream  rises  in  Lancaster  County,  Pennsylvania,  and  flows  in 
a  southwesterly  direction  between  Lancaster  and  Chester  counties 
into  Maryland,  where  it  empties  into  the  Susquehanna  River  about 
IBB  35 6 
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PATAPSC'O   RIVER   AT  WOODSTOCK,  MARYLAND. 

v^er  rises  in  the  north-ceutral  part  of  Maryland,  flows  in  a 
erly  direction  between  Baltimore  and  Howard  counties,  and 
into  Chesapeake  Bay.  Its  waterahed  is  a  hilly  country 
nder  cultivation.  A  station  was  established  at  Woodstock 
i,  189C,  by  E.  G.  Paul.  The  drainage  area  is  251  square 
.  is  partly  shown  on  the  Ellicott  and  Frederick  sheets  of  the 
[lie  atlas.  Measurements  are  made  from  tlie  county  bridge  on 
from  WcKxlstock  to  Granite,  Maryland,  1^  miles  Inflow  the 
with  the  North  Bninch,  as  shown  on  the  Ellicott  atlas  sheet. 
*  is  a  l)oard  graduateil  to  feet  and  tenths  with  small  nails, 
ned  to  the  fl<K>r  timber  of  the  bridge.  The  bench  mark  is  a 
bates  Geological  Survey  standard  copper  bolt,  set  in  the  face 
taining  wall  of  the  entrance  to  the  college  grounds  at  the 
d  of  the  bridge.  It  is  22.00  feet  above  gage  datum.  The 
ks  repaire<l  on  January  2(>-25,  181)0,  and  the  gage  destroyed.  A 
wjis  established  on  January  30,  IbOI),  and  referred  to  the  same 
irk.  The  channel  is  i-ough  and  rocky.  The  banks  are  high 
subject  to  overflow.  At  a  time  of  extreme  high  water  the 
s  liable  to  changes.  The  observer  is  David  Donovan,  a  store- 
Woodstock,  Mar>iand.  ITie  three  following  measurements 
le  by  E.  G.  Paul  during  1899:  January  30,  gage  height  4.30 
harge  431  second-feet;  May  22,  gage  height  4.20  feet,  dis- 
K)  second-feet;  September  6,  gage  height  3.60  feet,  discharge 
d-feet. 
ie  height,  in  feet,  of  Patapsco  River  at  Woodstocky  Maryland,  for  1899. 
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a  Gage  out;  no  readings. 


OP£l£ATlDm   AT    BITEE    STATieJNS,    t899. PART    L         l^M. 

SKTH    BliANCII    OW   HlTUMAC    AIVSK    AT    PIEBMUNT,    WEST  VIRGINIA. 

TliiR  fitn>^m  tiffed  in  the  wentem  part  ot  Wwt  Virginin  and  fluwg  in 
H  iu>rtbe«ater]|*  direction,  fomitng  tbo  bouadary  between  MaryUud 
line]  Went  VtfipiilA*  At  h  point  About  15  niiles  below  CiimberUnd 
it  14*  jalaiMl  by  the  South  BrHQi*b,  forming  tlie  Potomjtc  River.  The 
dminaife  hivji  b  niH|i|ked  ou  Piedmotii,  8t^  George,  Aecident,  Grants- 
viHe,  and  FroHiburg  Atla»  E^be^tii.  Systematic  lueasureineiits  of  dii- 
ehargH  bave  \>eeii  made  at  Piedmont,  West  Virginia.  Tbit*  station, 
eslablisbt^  June  27,  iHB%  by  Fl  G.  Paul,  in  lo<jated  at  the  iron 
hiirbway  bridg^e  eonnecting  Luke,  MaryUind,  with  Piedmont,  \Ve»t 
Virginia.  The  wire  gage  in  38.87  feH  from  index  to  end  of  weight, 
and  in  rcferretl  to  a  »cale  lioard  14  feet  long,  attached  U>  rht»  bridgt 
9Q  feet  fmm  the  flr»t  pier,  and  l»  divided  into  feet  and  tanth?^.  Tht 
ebannal  is  straight  for  an  eighth  of  a  mile  above  and  l>elow  tlie  sta 
tian,  'rae  current  In  Bwift  and  unobstructed.  The  right  bank  in  iii^h 
and  nieky,  but  the  left  Imnk  in  low  and  liable  to  overflow,  Tlie  bed 
of  the  Btream  ii*  rocky  and  [H'nnanent  In  section.  The  uli»ervi*r  m 
Charles  W.  Beck,  a  bookkeeper  at  Piedmont,  West  Virginia,  A 
measurement  was  made  by  E.  G,  Paul  on  June  -7^  1B99,  at  a  ijagp 
^ighi  of  ^.00  feet,  when  the  discharge  was  350  seeond^feet, 

Dail^  gage  height,  i«  f^.of  North  Branch  of  Potomac  Ritier  at  Piedhtymt,  W^ 

Virginia^  for  IS99. 
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OUTH  BRANCH  OF  POTOMAC  RIVER  AT  SPRINGFIELD,  WEST  VIRGINIA. 

This  stream  rises  iu  Highland  County,  West  Virginia,  and  flows 
a  a  northeasterly  direction,  joining  the  North  Branch  of  Potomac 
tiver  about  15  miles  below  Cumberland,  Maryland,  forming  Potomac 
Uver.  The  drainage  area  of  the  South  Branch  consists  of  long, 
arrow,  mountain  valleys,  sparsely  settled  and  little  cultivated,  being 
ar  the  greater  part  covered  with  timber.  The  region  being  free 
rom  manufacturing  industries  and  mining  operations,  no  pollution 
f  the  waters  occurs.  The  drainage  area  is  mapped  on  the  follow- 
ig  sit]fLS  sheets:  Romney,  Piedmont,  Beverly,  Franklin,  Woodstock, 
taunton,  and  Monterey.  A  gaging  station  was  established  at  the 
Bulroad  bridge,  2  miles  south  of  Springfield,  West  Virginia,  in  April, 
894,  by  Cyrus  C.  Babb,  but  was  discontinued  in  1896  for  want  of  an 
beerver.  The  present  station,  established  June  2^,  1899,  by  E.  G. 
*aul,  is  located  on  the  iron  highway  bridge,  one-fourth  of  a  mile 
pom  Graces  Station  and  1  mile  from  Springfield.  The  wire  gage 
i  39.4  feet  from  the  zero  to  the  extreme  end  of  the  weight,  and  is 
eferred  to  a  scale  graduated  to  feet  and  tenths,  on  the  guard  rail  on 
he  upper  side  of  the  bridge  80  feet  from  the  abutment  on  the  left 
tank.  The  channel  of  the  stream  at  this  point  is  curved  and  the 
urrent  too  sluggish  to  make  satisfactory  discharge  measurements, 
nd  they  are,  therefore,  made  from  the  railroad  bridge  over  the  stream 

mile  above.  The  observer  is  John  E.  Grace,  of  Springfield,  West 
Virginia.  A  measurement  was  made  by  E.  G.  Paul,  June  26,  1899,  at 
.  gage  height  of  4.00  feet,  when  the  discharge  was  617  second-feet. 

kiUy  gage  lieighi^  in  feet^  of  South  Branch  of  Potomac  River  at  Springfield^  West 

Virginia,  for  J899. 
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ANTIETAM    CREEK   AT  8UAUPSBIJKG,  MAEYbAXD. 
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Thm  stream  rises  in  the  western  i>art  of  Maryland  and  Jlowsinj 
eoiithorly  diret'tioii,  (entering  the  Po  torn  tic  10  miles  above  Harpers 
F^rry.  Tt^t*  drainage  area  is  mostly  of  a  liilly  ebaraetc^r  and  largely 
cultivated,  A  station  was  established  at  Myers  Mill,  1  mile  east  of 
Sharpsbiirg,  Maryland,  on  tht>  road  to  Keedysville,  Maryland,  on 
June  24, 181^*7,  by  Arthur  P.  L>a%  irt.  The  measnremontAi  are  made  from 
Ln  thi'ee-fourt.lis  inch  iron  cable  with  85- foot  span^  anpported  by  large 
BttoB  on  eitht^r  side  of  the  stream.  The  gage  is  a  post  driven  into  the 
^gravel  of  tlie  sti^am  l>€*d  and  boltcnl  to  an  overhanging  tree.  The 
initial  point  for  soundings  is  on  the  left  bank.  The  channel  both 
above  and  below  the  station  is  straight  for  300  feet.  The  right  banlc 
IB  low  and  liabk^  to  overflow.  The  left  bank  is  high  and  rocky.  The 
current  is  of  mcMlorate  velocity  and  the  flow  unobstructed.  Th^ 
result*  of  nieasuremeutfi  may  be  found  as  follows:  1897,  Nineteen th 
Annual  Report,  Fart  IV,  page  149;  1898,  Twentieth  Annual  Report, 
Fart  IV ^  l>age  12iJ.  The  following  measurement's  were  made  by  E,  G, 
Paol  during  189^:  January  27,  gage  height  2.80  feet,  discharge  i% 
Second-fect;  May  2i\  gage  height  2JiO  feet,  di^barge  418  second-feet; 
S6pteml>er  5,  gage  height  L80  feet,  discharge  118  second -feet. 

Daily  gage  Mights  in  fttt^  af  Antu'tam  Creek  at  Shar^pf^itrg^  Maryland ^  for  i^t 


Dftr 

JAEI. 

Fflb. 

HAr 

Apr. 

u.r. 

June. 

Jtllr- 

Aii«. 

Sept. 

Oct, 

Nov. 

Dec, 

J 

zm 

g.m 

4.75 

3.40 

S.40 

2.40 

S.10 

1.70 

l.SO 

l.SO 

S.40 

1.«) 

s;;;.: 

s,7a 

S.iMi 

4  a> 

\i:^\ 

«.45 

a.77i 

IWi 

l.flrt 

1.80 

1,80 

2.35 

1  1H» 

a.... 

2.m 

2.m 

iAit 

3,30 

£,W) 

3.  BO 

gjJO 

^.,^1 

l.TO 

1  70 

2.i>0 

l.flif 

*..,, 

S.70 

s.m 

xm 

a.  20 

S..-!*) 

2.  HO 

l.«5 

l.tHJ 

2J)0 

l.nn 

l.«r 

I.IMI 

5..... 

H.  UJ 

S^l 

i.m 

3.  If) 

tNii 

2.40 

l.ftO 

1.80 

l.«0 

l.flO 

LIS) 

IM 

6..,- 

iim 

2.RI 

4.40 

3.U(.i 

^.oO 

2.40 

i.W 

I  70 

l.rtO 

L.^i 

1     L»0 

I.m 

7... 

■isr. 

zm 

i,m 

3.fl0 

5?  li^ 

2,30 

3JX) 

l.OO 

1.70 

J. 50 

I.m 

LW 

fl 

a.  20 

s.m 

ajii 

3.25 

Sf.Qfi 

2.  .10 

Lm 

1.70 

l.Ti) 

1  w 

I.m 

l.dO 

»  ,,. 

3.* 

'^Ml 

'A,m 

3.10 

2.  Ill 

2,45 

1  BO 

1,70 

l.S* 

1.7(1 

i.m 

Lao 

W  -  . 

^.m 

aao 

11.00 

*5.5 

Si.  70 

a.iw 

1  jtfl 

1.00 

I  riO 

L7U 

LfiO 

n„... 

3.«) 

^.m 

n.mi 

s.at 

2.i50 

2.«a 

I. BO 

L80 

li.m 

1  fio 

J.IVf 

1  fif f 

i»-.,-. 

S,«J 

'd.m 

a,  40 

2,8t> 

S,5<J 

S.40 

LHO 

3.35 

2.10 

1  .10 

1.70 

L«> 

13 

•^.9i\ 

2.m 

a.ni 

:;.wj 

li.ai 

XMi 

2-15 

1.90 

1,85 

1  Til) 

170 

L(*i 

U  .... 

a.  00 

2  Mi 

3,^1 

;;,K> 

i,40 

S.35 

£.00 

2.  Ml 

l.HO 

l.-W 

].m 

LTii 

J5 

\im 

^eu 

3.'Jl> 

^.bO 

2m 

2.30 

l.QO 

l,flO 

1.70 

1  4^1 

LI50 

I.m 

la 

3.t)0 

^.«a 

:i,5*» 

?  HO 

2  40 

Sf.30 

1.S5 

1.80 

l.flO 

\ao 

l.rtO 

im 

17.,  .. 

f%Ut» 

Sf.ftU 

3.  at 

a.  70 

3.:!0 

3.30 

1.05 

1.00 

1.00 

J  7»* 

L«» 

IM) 

IH 

B.IIO 

;!.BC^ 

.TS) 

LMO 

3.15 

31  «> 

Lm 

l.WO 

l.TO 

l.flO 

i.7fl 

J  ;ii 

10,  ,„ 

SJ.flO 

2,m 

3  m 

!2.TO 

zm 

2.25 

LH.") 

i.m 

2.(X> 

l.w 

L70 

Lfl" 

an..... 

2Mi 

2.80 

a  75 

2.00 

t.^\ 

2,31^ 

1.80 

i.m 

l.»0 

l.N^ 

170 

\  i'Ai 

gi 

:;.w 

-.120 

aio 

2,fflJ 

:^Ji) 

2.20 

1  E»J 

l.«0 

I.ft» 

I  rto 

L71I 

I.  TO 

ses 

zm 

*.m 

3,40 

g.tiO 

2.50 

2.10 

J  >0 

1.70 

J.W 

I.IHI 

Lwo 

Ldi 

fs& 

2.m 

4.](> 

JififJ 

!f,50 

2.  -V) 

£.  f«> 

2.  (IS 

l.WO 

l.WO 

1.70 

LHfl 

l.fiO 

at  ... 

zm 

a  70 

a«> 

140 

2.40 

2.10 

Iflfl 

1.70 

1.70 

l.DO 

l.7{fc 

LWi 

m 

3,^i 

SJ-TiO 

3.30 

3,50 

3»» 

2,05 

1.70 

L65 

I,  BO 

1  lyi 

L(K) 

2  r« 

a 1 

^m 

i.-w 

3.Ba 

a.  45 

S.^J 

2.130 

1.75 

1.70 

1  MO 

\.m 

LOO 

Ltt> 

m 

2.m 

5.*J 

3,{W 

g.SO 

2.-W 

3,10 

1.70 

3.45 

l.W 

1.5*1 

LTtI 

2.tif 

2»..... 

K.au 

li.U 

3.60 

2.50 

a.  30 

2,16 

}M) 

2.W 

I.  BO 

1.50 

Lf*» 

LWf 

S» 

£.m 

aw 

3.50 

2.20 

3.10 

J.flO 

2.30 

l.»> 

L.EIO 

L^J 

J.S) 

!»,.„, 

a.tn 

a  TO 

^.40 

i.41 

2.20 

l.flO 

2  a^ 

!.(¥» 

l,(!0 

l;oi 

l.»l 

»!...„ 

s.'m 

3.00 

:f.lO 

!.*> 

LOO 

...... 

L  lai 

"" 

NORTH   AND   SOUTH  RIVERS   AT   PORT   REPUBLIC,  VIRGINIA. 

North  and  South  rivers  rise  in  Rockbridge  County,  Virginia,  and 
flow  ill  a  southeasterly  direction,  joining  at  Port  Republic  to  form  tiie 
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ith  Fork  of  the  Shenandoah  River.  The  drainage  areas  of  these 
>  rivers  are  entirely  mapped  on  Franklin,  Harrisonburg,  Staunton, 
ckingham,  and  Lexington  sheets.  Systematic  measurements  are 
de  on  the  North  and  South  rivers  at  Port  Republic.  These  sta- 
is,  described  in  the  Eighteenth  Annual  Report,  Part  IV,  page  25, 
•e  established  in  August,  1805,  by  D.  C.  Humphreys. 
Tie  gage  for  the  North  River  is  located  on  the  county  highway 
ilge  at  Port  Republic,  Virginia,  500  feet  above  the  mouth  of  South 
rer.  A  i>ainted  rod  is  fastened  to  the  third  panel  of  the  first  span 
the  lower  side  of  the  bridge.  It  is  nailed  to  the  wooden  upriglits 
I  fastened  by  wire  to  the  diagonals.  Bench  mark  No.  1,  the  lower 
I  of  the  third  floor  Ix^ani  from  the  right  bank,  is  24.97  feet  above 
0  of  the  gage.  Bench  mark  No.  2,  the  bridge  seat  on  lower  end  of 
lit  Imnk  abutment,  is  24. (>0  feet  above  the  datum  of  the  gage. 
Tie  gage  for  South  River  is  located  on  the  county  iron  bridge  just 
t  of  the  town,  300  feet  above  the  mouth  of  North  River.  The 
tduations  of  the  rod  are  marked  by  tacks  driven  into  the  rail  on  the 
per  side  of  the  bridge  at  the  fourth  panel,  the  zero  being  1  foot 
m  the  e<lge  of  the  pulley.  Ben(»h  mark  No.  1,  the  top  of  tlie  thinl 
ar  beam  from  right  bank  upper  side  of  bridge,  is  22.52  feet  above 
ge  datum.  The  zero  of  North  River  gage  is  2.56  feet  below  the  zero 
South  River  gage.  All  gagings  of  South  River  include  the  dis- 
arge  of  mill  race.  The  observer  at  both  gages  is  T.  S.  Da\i8,  store- 
eper.  Port  Republic,  Virginia.  In  Septeml)er,  1808,  a  new  bridge 
«  built  to  replace  the  old  one,  and  the  stations  were  soon  af  t,erwards 
•andoned  (April  1, 1899),  as  measurements  were  made  lower  down,  at 
t)nt  Royal.  Records  of  measurements  may  1)0  found  as  follows: 
95-90,  Eighteenth  Annual  Report,  Part  IV,  pages  25,  26.  One 
Jasurement  wtis  made  at  each  station  by  E.  G.  Paul  in  1899,  as  fol- 
d's: North  River,  March  11, 'gage  height,  4.80  f(H»t;  dis(»harge,  3,423 
?ond-feet.  South  River,  March  11,  gage  height,  3.70  fe(»t.;  dis(»harge, 
►92  8ec(md-f(*et. 


^ily  gage  height y  in  feet .,  of  North  Hivi'r  at  Port  Republic,  Virtjhii'i,  for  f.sVO. 


Day. 
1 

5:::::::::: 

4 

5 

Jan.    1 

2.75 
•^.75 

-•.70  1 

2.«r» 

2.65  1 
5.40 
».  70  • 
5.(JI) 
4.0t>  , 
3.  HO  1 
3.40  1 
3.af)  ! 
3.(X)  : 
2.t«) 
2.«0 

2.31) 
2.30 
2.30 
2.31) 
2.30 
2.JJ0 
2.30 
2.40 
2.40 
2.50 
2.50 
2.50 
2.50 
2.70 
2.  HO 
3.00 

Mar. 

7.10 
5.50 
5.00 
7.40 
14.00 
8.90 
7.50 
5.80 
4.  HO 
6.30 

4.Hr) 

4.fiO 
4.00 
3.  HO 
4.50 
4.20 

Apr. 

«3.no 

:::::::: 

Day. 
17 

Jan. 

2  70 
2.70 
2.r.«> 
2.  HO 
2.»iO 
2.150 
2.(10 
2  tV) 
2.«) 
2.(50 
2.(50 
2.  (50 
2.50 
2.50 
3.40 

Fob. 

3.00 
3.00 
3.40 
4.00 
5  50 
7.(0 
7.«0 
tt.OO 
4.W) 
4.90 

a.  00 

9.00 

Mar.    ' 

4.  a) 

3.70 
4.00 

4.;«) 

3.fN) 
3.(50 
3.40 
3. 20 
3. 10 
3. 10 
3  00 
3.00 
•1.00  1 
3.00  ; 
3.00 

A'jr. 

IH 

1» 

20 

21 

a 

22 

•Si 

H 

24 

9 

25 

10 

2B 

27 

II 

i3 

28 

29 

14 

30     

15 

31 

16 

aDiiicontinaed  April  1. 


OPEBATION3  AT   RIVER   8TATI0HH,    la^. — PART   I.      ,  [»a^ 
rktily  gage  heighi^infeti^  uf  Souih  River  at  Fmi  Republic,  Virginia^  for  iSSOk  « 


»»y 

t,so 
t.m 
tm 
»,» 

S.40 
3.  CO 

aw 

a» 

F»Uv 

H^. 

Apr. 

n*T- 

JaiL 

«. 

Mtf. 

Aiir. 

1 

a  JO 

fJO 

f.au 

£.60 

S.fiO 

tio 

BJO 
5.51) 
4.00 
3.00 
a.  80 
aiD 
a.  00 

3  10 

aao 

SIO 

aao 

o^IlS} 

11 

8>G0 

S.40 

s.s» 

3,30 

ga) 
£.ao 

K.SO 
lie 

Si  60 

a.  00 

3LS0 
£.00 

4.10 

a.ao 

4.40 

A.  fid 
6.30 

£.» 

A.  70 
3.  SO 

n 

*-,*,^,— 

i 

IS 

S:::::::::: 

4.-,,*.,... 

»,... 

h 

a_-— 

A 

ai 

f 

ffl,„,__ 

84 

H 

»:::::::::: 

fO 

91 .„.. 

It                   * 

2  /. 

is'  *'  '^    * 

SM. 

H-.T  :: 

».. 

80-. .„.-... 

IB 

81 -«....-, 

Ifl. . 

(f.  Di<Hxiatl nned  April  1- 
NORTR  BRANCH   OF  SII9KANBOAH  RIVBR  AT  RIVKRTON%    VtRGlKU. 

ThiM  8t.3'eam  rises  in  Rockin^iam  County,  Virginia,  and  flows  in  a 
northL^asterly  dirt^ction,  joining  with  the  South  Branch  of  the  Sht'O- 
aodoHh  at  Ri%*ert««,  Virj^inia.  The  HtMiou  was  established  at  Rive^ 
ton  by  A.  P.  Davis  Juop  26,  1890.  Meii8Ui*enientB  were  made  from 
mi  iron-wire  cable,  al-KHit  2G0  feet  in  ^pan^  Btretehed  across  the  river 
m\  timber  supports*,  2  miles  northwest  of  Riverton,  The  statioD  i« 
niOBl  easily  reached  Ijy  a  private  conveyance  fi-om  Front  Royal,  ^"Jf- 
ginia*  The  g^<i  is  a  vertical  timl>er,  graduated  to  feet  and  tenths, 
Tx>lted  to  a  hivgi*  syeainoro  tree  on  the  right  bank  of  tho  stream.  Tlu* 
initial  point  of  soundings  is  on  the  right  bank.  The  channel  is 
straight  above  and  below  the  station  for  about  600  feet.  The  banks 
are  low  and  liable  to  overflow  in  time  of  high  water.  Red  of  stream 
is  rocky  and  constant.  The  observer  is-O.  Menefee,  a  farmer,  River- 
ton,  Virginia.  Two  observations  of  river  height  are  taken  daily. 
Two  measurements  were  made  by  E.  G.  Paul  during  1899,  both  on 
September  2,  with  a  gage  height  of  2.85  feet  in  each  case.  One  meas- 
urement Avas  made  at  the  cross  section  at  the  point  where  the  cable 
spans  the  stream,  giving  a  discharge  of  270  second-feet.  The  other 
measurement  was  made  by  wading,  at  a  better  cross  section,  300  feet 
below  the  regular  station,  giving  a  discharge  of  287  second -feet. 
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'y  (f*''J^  Itcirfht^  infeety  of  North  Branch  of  Shenandoah  River  at  Riverton^  Vir^ 

giniay  for  1899, 


Day. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

2.80 
2.80 
2.78 
2.80 
2.73 
2.73 
2.80 
2.80 
2.80 
2.80 
2.80 
2.78 
2.75 
2.75 
2.70 
2.68 
2.68 
2.78 
2.76 
2.70 
2.68 
2.68 
2.65 
2.58 
2.63 
2.70 
2.68 
2.85 
3.13 
2.80 
2.70 

2.68 
2.68 
2.68 
2.70 
2.65 
3.00 
2.05 
2.05 
2.83 
2.80 
2.78 
2.70 
2.70 
2.73 
2.70 
3.78 
2.78 
2.78 
2.70 
2.65 
2  63 
2.63 
2.68 
2.65 
2.63 
2.&5 
2.63 
2.70 
2.68 
2.05 
2.00 

2.88 
2.88 
2.05 
2.85 
2.78 
2.78 
2.78 
2.70 
2.70 
2.70 
2.70 
2.73 
2.73 
2.70 
2.70 
2.68 
2.70 
2.68 
2.60 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.78 
2.75 
2.70 
2.70 

.2.70 
2.68 
260 
2.65 
2.70 
2.68 
2.65 
2.65 
2.68 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.65 
2.65 
2.70 
2.68 
2.70 
2.65 
2.66 
2.65 
2.65 
2.70 
2.70 
2.70 
2.70 
2.70 
2.68 
2.75 

8.20 
2.06 
2.06 
2.05 
2.86 
2.80 
2.80 
2.80 
2.80 
2.80 
2.78 
2.75 
2.73 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 

"2.66"* 
2.66 
2.68 
2.60 
2.63 
2.66 
2110 
2.68 
2.66 
2.68 
2.80 
2.86 
2.00 
2.00 
2.00 
2.00 
2.88 
2.80 
2.80 
2.80 
2.80 
2.80 
2.83 
2.88 
8.00 
8.00 
3.00 
8.00 

2 .... 

3 

4 

6 

6 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

10 

20 

21 

22 

23 

24 . 

2B 

36 

2.a5 

2.88 
2.88 
2.88 
2.80 

27 

28 

20 

30 

31 

rTH   BRANCH  OF  SHENANDOAH  RIVER  AT  FRONT  ROYAL,  VIRGINIA. 

'his  stream  rises  in  Augusta  County,  Vii^nia,  and  flows  in  a  north- 
berly  direction,  joining  the  North  Branch  of  the  Shenandoah  at 
'erton  to  form  Shenandoah  River.     A  station  was  established  on 

South  Branch  by  A.  P.  Davis,  June  26,  1899.  The  measure- 
its  of  flow  are  made  from  an  iron  wire  cable  300  feet  in  span, 
»tched  across  the  stream  3  miles  southwest  of  Front  Royal,  Vir- 
La.  The  gage  is  a  vertical  timber  divided  into  feet  and  tenths  and 
tied  to  the  trunk  of  a  tree  on  the  left  bank  of  the  stream.  The 
iai  point  for  sounding  is  on  the  left  bank.  The  channel  is  straight 
feet  above  and  l>eIow  the  station,  and  the  current  sluggish.     The 

bank  is  low  and  liable  to  overflow.  The  bed  of  the  stream  is 
ky  in  part,  with  patches  of  sand  somewhat  shifting.  The  observer 
tfias  Brentie  Johnson,  Front  Royal,  Virginia.  One  measurement 
lischarge  was  made  by  E.  G.  Paul,  September  1,  1899;  gage  height, 
)  feet;  discharge,  616  second-feet. 
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OP£BAT10N|^   AT    mVKU   8TATIOKS,    l«t99. PART    L         \m».m. 


DmU^goi^  h^^i^  inftH,  tifSifulh  Bmncii  t*/ Sketutndotth  River  ai  Frotti  Bif^ 

Virginia,  for  IS99. 


D»y. 

..a,. 

^* 

1 

Oct. 

Nov. 

z^l 

^_  *-(,»_;„ 

4.» 

*.# 

4.40 

4.45 

&fiO; 

440 

: _-  .,^ ..,. 

,ti.  ,i^_ 

♦-» 

4a& 

4ai 

44fJ 

e-05 

Lm 

L„-„„„ 

4.30 
4.80 
4.10 

4.^ 
4JB5 
4,15 

4.ai 
4.  so 

4.SU 

4.30 
4.;io 

480 
490 
4ffi 

i_— .  .,-... „,^,, 

,,_ !,.,,..„... 

4.  SO 

1») 

4.au 

4.30 
4.30 

4.3U 
4,31 

6.35 

4» 
430 

^.  4.  ..««..*..*  w^*>_ 

-»..«.< 

1» 

I4fi 

4.1& 

4.  as 

SwflS 

430 

V  «  •«^'i  «,%^-«  ^  .  -tf  *«#^ 

,—  *mmmm 

1      4.fi& 

4.3) 

43» 

4.40 

4.€6 

4ai 

1  !^,..,**^..-..^ 

1   U.^*-^_.4,^.*.^4.^*i 

i,^J 

i.m 

4.7S 

440 

485 

491 

-__J,+J,*r 

4.») 

44a 

4.te 

440 

4IW 

430    . 

I »,          „,^-» 

,  „-_,*,- 

4.  SO 

i.aw 

4.55 

4.40 

470 

4  45 

<Hd***» 

4.15 

4.30 

4.45 

43tt 

4^ 

fi,% 

•I   ■-^«^,^*.^^,»^,^.--* 

40} 

4.S) 

4  40 

4,30 

i.m 

«.S 

1    , 

4.lfi 
4.S5 

4-m 

4,30 

44» 
4  55 

5.^    , 

S^**,,_-,.*„*^.  *.,„« 

5.45 

£    '»^f      ■-    ♦...p^XT.  -x^-.p-— . 

• 

4.15 

4.35 

4.3r» 

4.^ 

4  50 

5.35 

|]    ^B-t^  .1l,,.*»._i.__i.i.^ 

>,._<■«>-* 

4JJV 

4.35 

4.30 

4,30 

4  50 

115 

Ifc.—,.^^  ^^T._j,^_^  j.^.^.». 

4.15 

4,») 

4.30 

4.ao 

4.1O 

&.Q0 

ft--^..  ■                                --r-n- 

4.ir> 

4.3& 

4.55 

4-tai 

4S0 

4«G 

hT-.'.^.  .^.1.  .'.^^......' 

HO 

4.  SO 

5LW* 

410 

4  SO 

4fl& 

Hl.^t-     ■,  ,  H 

iJO 

4.10 

5  30 

4,  in 

410 

4T5 

C|l 

4,15 

4. 10 

4.85 

1,30 

440 

470 

*!,,.. -..I. ...I .- 

4.10 

4  m 

4.ao 

500 

43l» 

430 

450 
450 

4»0 
490 

Si«n:::«:::;::; 

»_. , 

1.40 

130 

lOfi 
4,10 

ICO 
4.0(1 

4.0U 
LS5 

4J» 
430 

455 
4.50 

5.10 
5.10 

Rr:::;:::::::::::: 

IBS 

i^ao 

Lm) 

4.00 

43l» 

440 

5.00 

9 

4.«6 

4.JIU 

4.an 

4.^ 
4£S 

5.15 

4.yit 

4.60 
4.&0 

430 
4»0 

4a* 

440 
4.40 

5.n0 

mt' 

5,15    1 

n 

"  '•                 ^ 

8BENANDOAK   ttl^'^R    AT   MTLLVlLLK,    WEST   VIRGINIA. 

This  river,  farmetl  by  ih^  junction  of  the  North  Fork  and  the  t<miA 
Fork  at  Kiverlon,  Virginia,  flows  in  a  northeasterly  direction  into 
West  Virginia,  where  it  empties  into  the  Potomac  at  Harpers  Ferry. 

Observations  of  the  height  of  Potomac  River  at  tlie  junction  of 
Shenandoali  River  have  been  made  b}^  the  Weather  Bureau  at  Har- 
pers Ferry,  West  Virginia.  The  gage  is  on  the  west  face  and  north 
end  of  the  second  abutment  of  the  old  railroad  bridge  from  the  West 
Virginia  side  of  the  river.  It  is  of  Portland  cement,  15  inches  wide, 
plastered  on  the  face  of  the  pier  extending  to  32  feet,  and  continued 
on  the  iron  upright  of  the  bridge  to  'My  feet.  The  top  surface  of  the 
6-by-6-inch-square  capstone  corresponds  to  the  32- foot  mark  on  the 
gage.     The  elevation  is  235.5  feet  above  mean  sea  level. 

A  station  wuh  established  at  Millville,  West  Virginia,  April  15,  1895, 
on  Shenandoah  River,  4  miles  above  its  mouth.  A  v^ertical  gage  was 
placed  in  the  river  and  fastened  to  a  tree,  a  deep  notch  being  cut  in 
the  tree  opposite  the  8-foot  mark.  This  gage  is  referred  t<)  a  bencli 
mark  consisting  of  a  copper  bolt  driven  in  the  foot  of  a  large  syeamoi'e 
tree  on  the  left'bauk  of  the  river  150  feet  beloAv  the  gage  rod,  at  an 
elevation  of  6.78  feet  above  the  zero  m^irk  on  the  gage.  Measure- 
ments are  made  from  a  cable  stretched  across  the  river,  'i^iie  oU 
cable  was  carried  away  by  the  flood  of  1806,  and  a  new  three- fourths 
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1  galvanized  iron  wire  cable  was  put  in  place  on  June  23,  1897. 
I  cable,  about  500  feet  in  length,  is  supported  on  either  bank  by  a 
;e  sycamore  tree,  and  is  securely  anchored  on  both  sides.  The 
nnel  is  straight,  current  swift  and  unobstructed.  The  banks  are 
and  subject  to  overflow.  The  observer  is  W.  R.  Nicewarner. 
'  results  of  measurements  may  be  found  as  follows:  1896,  Eight- 
th  Annual  Report,  Part  IV,  page  28;  1897,  Nineteenth  Annual 
K^n,  Part  IV,  page  151;  1898,  Twentieth  Annual  Report,  Part  IV, 
e  127.  The  following  measurements  were  made  by  E.  G.  Paul 
ingl899: 

Doary  27,  gage  height,  2.40  feet;  discharge,  3,156  second-feet. 
irch  10,  gage  height,  5.00  feet:  discharge,  10,8;}8  second-feet. 
ij  16,  gage  height,  2.10  feet;  discharge.  2,753  second  feet, 
ptember  3,  gage  height,  O.iM)  foot:  discharge,  1,086  second-feet. 
i»ber  29,  jfage  height,  0.60  foot;  discharge,  766  second-feet 

y  gage,  height  in  feety  of  Shenandoah  River  at  MilhilU\  Went  Virginia^  for 

1S99, 


)ay.       Jan.      Feb.  ',  Mar.  i  Apr.    May.    Jdqo.    July 


4 

5  .... 

« 

7 

8 

»-.... 
0..  .. 
1  .  .. 

t 

8 

4 

5 

6 

r 


2.150 

2.ao 

2.80 
2.60 
3.30 
3.80 
4.60 
6.70 
5.00 
4.  SO 
3.80 

aso 

3.30 

3.00 

2.90 

3.00 

2.90  1 

2.90  I 

2.90 

2.80  ' 

2.0) 

2.40  : 

2.4^) 

2.40 

2.40 

2.  .10 

2..T0 

2.91 

2.30 

2.10 

2.10 


2.30 
2.10 
1.70 
2.00 
2.40 
2.60 
2.80 
2.  SO 
2.  SO 
2.30 
2.40 
(a) 

2*30 
2.40 
2.  SO 
2.70 
3.U) 
3.00 
3.40 
4.00 
Ice. 
Ice. 
Ice. 
Ice. 
Ice. 
Ice. 
Ice. 


I 


Ice. 
loe. 
lea 
Ice. 
Ice. 
Ice. 
loe. 
Ice. 
Ice. 
5.00 
5.  SO 
5.20 
4.60 
4.00 
4.00 
4.00 
4.  SO 
3.90 
3.80 
3.80 
3.80 
3.70 

3.30 
3.10 
3.U) 
2.90 
2.90 
3.  (JO 
3.60 
3.30 


I  __■__ 
I 


3.10 

aoo 

2.80 

2.70 

2.60 

2.  SO 

2.40 

2.  SO 

3.10 

3.00 

2.90 

2.70 

2.60 

2.  SO 

2.40 

2.3!) 

2.20 

2.20 

2.20 

2.20 

2.20 

1.90 

1.90 

1.90 

I.  HO 

2.00  I 

l.UO  I 

l.«0 

l.HO 

1.70 


2.05 

2.85 

3.00 

2.10 

1.80 

1.60 

1.40 

1.40 

l.SO 

1.40 

1.80 

1.40 

1.40 

1.30 

1.30 

1.30 

1.20 

1.10 

1.00 

1.00 

1.00 

.90 

1.4K) 

.90 

.90 

.90 

.90 

.90 

.90 

1.00 


1.70 
1.60 
1.60 
1.60 
2.00 
1.90 
1.90 
1.80 
2.00 
2.30 
3.10 
2.80 
2.60 
2.70 
2.20 
2.10 
l.tK) 
I.IK) 
2.ri0 

2.:jo 

2.00 
l.JH) 
1.70 
1.70 
1.60 
l.SO 
1.50 
1.40 
1.40 

1.60  I. 

I 


a  No  readiofj^. 


0.90 
.90 
.80 
.80 
.80 
.80 
.70 
.80 
.90 

1.00 
.90 
.80 
.80 
.70 
.70 
.90 
.80 
.70 
.70 
.70 
.70 
.70 
.60 
.60 
70 
.60 
.60 
.60 
.60 

l.SO 

1.00 


Aug. 

Sept. 

Oct. 

1.00 

1.10 

0.80 

.80 

.90 

.70 

.90 

.90 

.70 

1.30 

1.10 

.70 

.90 

.80 

.70 

.80 

.70 

.70 

1.10 

.80 

.70 

1.00 

.70 

.70 

1.20 

.70 

.80 

1.00 

.70 

.80 

1.60 

.80 

.70 

.90 

1.20 

.80 

.80 

.90 

.70 

.90 

.80 

.70 

.80 

.80 

.70 

.70 

.70 

•60 

.80 

.70 

.60 

.80 

.60 

.60 

.80 

.60 

.60 

.70 

.80 

.60 

.70 

.90 

.60 

.60 

.90 

.60 

.60 

1.50 

.60 

.60 

1.10 

.60 

.SO 

l.(M) 

.60 

.50 

.90 

.50 

.60 

.90 

.60 

.70 

.90 

.60 

.SO 

.W) 

.60 

l.(W 

.HO 

.60 

1.30 

.70 

Nov,      Dec. 


1.56 

2.75 

3.20 

2.40 

1.90 

1.80 

1.60 

1.40 

1.80 

1.20 

1.10 

1.00 

1.00 

1.00 

.90 

.90 

.90 

.80 

.90 

.80 

.80 

.80 

.80 

.80 

.80 

.H5 

.85 

.80 

.80 

.80 


I 


0.80 

.80 

.76 

.70 

.76 

.70 

.70 

.70 

.70 

.70 

.70 

.75 

.90 

2.90 

2.20 

1.90 

1.60 

1.40 

1.30 

1.20 

1.20 

1.10 

1.10 

1.10 

1.30 

1.20 

1.70 

1  40 

1  ({5 

1.10 

1.10 


POTOMAC   RIVER  AT  POINT  OP   ROCKS,  MARYLAND. 


his  Station  was  established  February  17,  1895,  as  described  in 
letin  140,  page  54.  It  is  about  (J  miles  above  the  mouth  of  Monoc- 
River,  and  also  above  a  number  of  smaller  streams,  and  therefore 
measurements  of  discharge  do  not  represent  the  entire  flow  of 
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PotoiDAC  River.  The  ilrainag*'  »rea  liere  is  (^timated  t€>  be  1*^654 
^uarf  milpft.  It  is  Urgelx  mapiied  on  fopogmphi^  f^XlBs  shtM^ts— 
UarpfTs  Ferry.  W  inchest f*r,  Hnmney,  PieiJmimt,  Warrenshiirg,  Liiray, 
Woodstock,  Frank lin,  It^veHy,  Harristinburg,  Staunton,  Monterey, 
But^kinghiitn,  and  I^xington.  Catoetin  Creek  enters  the  Potoniao 
IjfXX)  fei*1  Jilxjve  the  Htafmn.  The  measur^nients  arc^  made  from  the 
highwiiy  brid)tre  at  Pohit.  uf  Roi5kH.  The  wire  gi*ge  is  on  the  east  side 
of  the  firm.  Bpaiit  the  m*nle  tttHUg  ttiarke4l  on  the  hand  rail  of  the  bridgt'. 
The  pi^e  is  peferrtnl  to  two  Ijimeh  iaiirka~oni\  a  copper  bolt  m  a 
lati^e  capHlone  on  the  lower  winj^  wall  of  the  north  af>utnient,  aliout 
10  feet  from  the  north  end  of  the  first  iron  truss,  Is  41,^  feet  above 
the  datum  of  the  U^ge.  The  len^h  i>f  the  wire  gage  m  44.22  feet 
The  gage  waa  verified  on  October  2i^,  1B09.  The  observer  is  G.  B. 
lliekman.  The  ret*ords  of  flow  may  bt*  found  as  follows:  1805-S6, 
Eighteenth  Annual  Refjort,  Part.  IV,  page  32;  18J>7,  Nineteenth 
Annual  Report,  Part  IV,  ji^ges  152-153;  1898,  Twentieth  .Annual 
Report,  Pi^rrt  IV,  i»age  131,  The  following  measurements  were  mikd« 
by  E.  G.  Paul  during  18f*9; 

Jatitianr  28,  gage  height,  3*80  feet;  di^harge.  17,330  seeond-feet. 
May  20,  gage  bf^ight,  8.15  feet;  discharge,  45.986  second -feet. 
September  5*  gHrge  height,  O.HO  foot;  dlJH;barge«  2,360  second- feet, 
October  29,  gage  height,  0.50  foot;  discharge,  1,628  »HX>i]d-feet. 

Mr.  William  Rich  Ilntton,  of  35  Bfoadway,  Xew  York,  states  that 
in  the  summer  uf  1850  he  made  a  cjireful  examination  of  the  flow  of 
Pot  omac  River  a  short  distance  lielow  the  Great  Falls,  using  loaded 
poleH  reaehiug  as  near  as  possible  to  the  bottom  i\Ui\  phiced  at  5-foat 
intervals  at^ross  the  width  of  the  river.  The  water  whh  then  at  thf 
lowest  stage  J^nown  to  persona  wbo  had  obsei'^ed  the  river  for  mmj 
years.  The  dischart^e  was  1,0GH  second-feet.  Mr.  Hutt-<in  was  of  tk 
opinion  that  the  river  was  as  Imv  in  18t>:iJ,  Iviil.  ao  ineiisurements  were 
made  in  that  yeaj*. 

In  18*M*  a  (^ivil  eiigineer,  Mr.  3L  C.  Ewin^,  assistant  to  Major  Tum^ 
bull.  United  St-ates  t-opo^raphie  en^iieer,  during  the  eotistrut*tiou  of 
the  Alexandria  A<jueduct  above  Georgetown,  repi>rted  the  diM*har|* 
below  Little  Falls  to  be  1,904  second- feet.  Mr.  Thomas  L.  Pattersoiii 
of  Cnoiljerland,  is  reported  to  have  found  the  discharge  at  that  point 
in  the  low  water  of  1838  to  hr  24  second- feet,  and  n\  Pfittt^i-son  t'reek, 
aome  12  miles  Ixdow,  48  second -feet.  Figurt^s  of  discharge  of  PotomftC 
River  art^  given  in  the  statement  regarding  the  extension  of  the  (^hesA- 
peake  and  Ohio  Canal  in  House  Kx.  Doe.  No.  '^OHj  F'orty-thirtl  Coiign^-s^^t 
first  session;  also  in  House  Kx,  Doe.  No*  137,  Forty-fourth  I'iingreee*, 
first  session. 
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DaQy  goge  heighi^  in  feet^  of  Foiomac  River  at  Point  of  Rockxy  Maryland^  for  1S99. 


Day. 


1 

t 

3 

4 

5 

A 

7 

8 

9 

10 

11 

12 

13 

14 

15 

1« 

17 

18 

1» 

» 

21 

1    » 

I    » 

i  £} 

I    25 

» 

27 

1    28 1 

1  30 ; 

31 


Jan.  ',  Feb.  ■  Mar.     Apr.  '  SCaj.  I  June. 


3.00! 

8.40 

2.90  ! 

8.70' 

2.80 

4.10 

0.90- 

8.10' 

6.W. 

5.40  I 

4.ao 

3.90  ; 

3.80 

3.40 

3.40  I 

4.00 

5.70' 

&.»' 

4.70 

4.40  ' 

4.00  ; 

3.50  1 

3.30 

3.30 

3.30 

4.W 

4.70 


2.40  ; 
8.00 
2.10 
8.10  I 
2.00. 
2.00 
2.00  : 
2.30 
2.30 
3.80 
4.30 
4.20, 
4.00 
3.90 
380 
4.00 
4.60 
5.00 
5.30 
5.40 
6.00 
8.50 
14.80 
13.70 
O.a) 
6.00 
0.35 


3.90  !  13.00 

a30  I 

2.80' 

2.80   


11.90 
0.20 
8.20 
7.60 
8.50 
16.56 
12.90 
10.00 
8.10 
6.00 
5.80 
5.60 
5.00 
4.80 
4.50 
4.60 
4.70 
4.40 
5.30 
5.40 
5.30 
4.70 
4.30 
4.00 
3.90 
aTO 
3.50 
3.40 
360 
8.60 
7.00 


5.30 

4.50 

4.00 

8.80 

3.80 

3.00 

2.80 

3.00 

3.60 

3.40 

4.30 

4.50 

3  40 

3.30 

3.00 

2.80 

2.70 

2.60 

2.50 

2.40 

2.30 

2.10 

2.00 

2.00  I 

2.00  I 

1.90  : 

1.90 

1.80 

1.70 

1.70 


1.60 

1.60  i 

2.10' 

1.70  I 

1.70 

2.10  . 

2.00 

1.90 

2.00 

2.40 

4.50 

3.W 

3.40 

3.20 

2.80  ■ 

2.50  i 

2.30 

2.40 

8.55 

6.30 

5.00 

3.60  : 

3.00 

3.71) 

3.40 

2.10 

2.00 

l.HO 

1.70 

1.70 

1.80 


July.  Aug.  I  Sept.  Oct.  Nov. 


2.00 

2.40 

3.80 

2.60 

2.10 

1.80 

1.60 

1.50 

1.40 

1.70 

1.80 

1.70 

1.70! 

1.60  i 

1.50  I 

1.50. 

.40 

.40 

.30 

.30 

.30 

.30 

.10 

.10 

.00 

.00 

.00 

1.30 

1. 10 

1.00 


1.40 

.91) 

1.40 

.70 

1.30 

.70 

1.30 

.70 

1.30 

.70 

1.30 

.70 

1. 10 

.70 

1.10 

.60 

1.00 

.60 

1.00 

.60 

1.00 

.60 

1.00  ■ 
1.00  1 
1.10 

i.u)  i 

.90 
1.00 
2.00 
1.00 
1.00  ' 
.90 
.00  , 
.80  I 
.80 
.80 
.90  I 
1.10  ' 
91) 
70 
70 
70 
70 
70 
70 
60 
60 
60 
60 
60 
50  i 
80  I 
80  j 


0.70  I 
.70  1 
.70 
.90 
1.00 
1.10 
1.10 
1.10 
1.00 
1.00  , 
.90  ; 
.80 
.60 
.60 

.m 

.70 

.70  , 

.60 

.00 

.60 

.00 

.50  i 

.50   : 

.50 
.50 

1.30 
1.10 
1.10 
1.00 
1.00 


0.90 
.90 
.80 
.80 
.80 
.70, 
.70 
.60 
.60 
.60 
.60 
.80 
1.30 
1.10 
1.00 
.90  j 
.80  I 
.70  I 
.70  i 
.90  I 
.70 
.80  i 
.90 
.90  ' 
.90 
l.OU 
.80 
.70 
.70  1 
.80  i 


0.70 
.60 
.00 
.60 
.60 
.60 
.70 
.70 
.70 
.60 
.60 
.60 
.60  1 
.50 
.50 
.50  I 
.50  I 
.50  i 
.50 
.50  ! 
.50  i 
.50  ; 
.50 
.50  I 
.50  I 
.50 
.50 
.50 
.50 
.50 
.60 


0.80 

1.60 

2.60 

2.00 

1.80 

1.40 

1.40 

1.30 

1.30 

1.00 

.90 

.90 

.80 

.80 

.80 

.80 

.80 

.70 

.70 

.70 

.70 

.70 

.80 

.80 

.90 

.90 

.80 

.80 

.80 

.80 


Dec. 


0.80 

.80 

.80 

.80 

.80 

.70 

.70 

.70 

.70 

.70 

.70 

.80 

.80 

1.20 

3  00 

3.10 

1.70 

1.50 

1.00 

1.50 

i.ao 

1.10 
1.00 
1  30 
1.80 
2.10 
1.60 
1.60 
1.60 
1.60 
1.60 


MONOCACY   RIVER  AT   FREDERICK,   MARYLAND. 

Monocacy  River  rises  in  the  south-central  part  of  Pennsylvania 
and  flows  in  a  southerly  direction  through  Frederick  County,  Mary- 
land, entering  Pptomac  River  near  the  Montgomery  County  line.     A 
station  was  established  by  E.  G.  Paul,  August  4,  ISOtJ,  at  the  county 
iron  bridge  on  the  turnpike,  4  miles  northeast  of  Frederick,  on  the 
poad  leading  from  Frederick  to  Mount  Pleasant,  Maryland,  and  about 
2,000  feet  above  the  mouth  of  Israel  Creek  and  3,000  feet  l)elow  the 
mouth  of  Tuscarora  Creek,  as  shown  on  the  Frederick  atlas  sheet. 
The  drainage  area  is  6f>5  square  miles  at  this  |K)int  and  1,000  square 
miles  at  the  mouth.     The  gage  is  attached  to  the  floor  timber  on  the 
lower  side  of  the  bridge.     The  length  of  the  wire  is  35.20  feet.     The 
bench  mark  is  a  cross  cut  in  the  top  face  of  the  capstone  on  the  lower 
retaining  wall  of  the  bridge  abutment  on  the  right  bank  of  the  stream, 
and  is  29.17  feet  above  gage  datum.     The  stream  at  this  station  has 
two  channels,  being  divided  by  a  small,  low  island,  which  serves  as 
a  foundation  for  the  middle  pier  of  the  bridge.     The  right  channel 
is  measured  from  the  lower  side  of  the  bridge,  and  the  left  channel 
from  the  upper  side,  as  these  sections  are  freer  from  rocks  than  a 
continuous  section  on  either  side  of  the  bridge.     The  stream  is  sulv 
ject  to  high  water  and  sudden  floods,  owing  to  the  character  of  its 
upper  watershed.     The  observer  is  E.  L.  Derr,  a  farmer  near  Freder- 
ick, Maryland.     Records  of  measurement  can  be  found  as  follows: 
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I8M,  Hifflrteinidi  AntmaJ  Kf^p^ri,  Part  l\%  pa^  35;  18tl7,  Nitieleenili 
JjIBdul  UeiMirt^  P^rt  IV.  fia|*r!i  lS:>^i5d;  1S!S«8.  Twentieth  AniiQiil 
RpfMitt,  i*art  I\%  pa^  1^,  Two  itii4a»orviueiit<i  wrv  uimic  by  E.  a 
Pa4j]  ihjriiig  IKtU*.  The  first.  May  i^,  »t  k  ^y^  bt'iKbt  of  5.2i*  fi?et, 
wlii^n  llti-  iliaelioj^  vrmi  63*t  aeconil-fi'eC  Tlit*  sw^whh!  rmt^  wi*^  on  Sep- 
t4?rtt]lii*r  ij,  «1  H  gne^  height  of  4* Oil  faet,  wiib  m  dlnehiir^^  of  U>3  seeoud- 
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R(»CK    (^RERK    .VT   yAHlUlUlCAh   PARK,   DLSTKlUT   Ut"   tM)LrMBl.\. 

Thin  (*re€'k  ris«is  in  M(jntg(nnery  County,  Mnrylniul,  ;iiiil  fll^w^tna 
iMJUtlu'T'ly  ti [lection  rhn.JU|;h  tlie  DiBtrict  of  Cohnnhin,  ciiipl yhi^r  it^l** 
Poloijow*  Hiv(^r.  A  Mtmly  of  the  tlis^^hnri^t*  of  RcM*k  Cn^^k  wiu^ 
}>e^ui]  in  IHO-;,  atthe  i*eque8t  uf  lli<^  (■omniis.sitjnoi's  of  the  Distrit'iof 
Coluinhiaf  and  a  ^^age  r*Hl  fi^talilLsb^d  by  (.*ynis  V.  Habb  at  t A^oii.s  Mill. 
Ill  August,  lS9i\  a  ?<c^lf-n^j:ist**riiij^  ^nt^^  ^"^tin  placed  at  1 1 uj  bridge,  jiml 
tht*  viniord  (^onliruKMl  mUil  Novt^nibi.*r  :](.i,  lS\}-i.  Thc^  pivst^iU  station 
wa» eHt^blished  January  18,  1807,  by  E.  G.  Paul,  at  the  briiljere  of  the 
Nat  if  ma  I  Xo*jlogioal  Park,  Distrit.'t  of  Coliiialiia.  Thi?  upp(*r  pnrt  of 
th(i  ;ja^(^  i?*  vTrtH*al  aud  in  fat^it+jrie*!  to  the  lirid^i^  alTUliiKint.  the  lom-r 
part  Ixiing  inclined  and  fa^t^iiefl  to  the  iron  nxls.  The  lifnH*h  mart 
coumIMs  of  a  cnJHMcut  in  tin*  jstone  of  thi*  bridge  pier.  It  is  iKlt]  foet 
aliove  tho  zero  of  tiie  ga^e.  The  observer  iii  \V_  V.  Kramer,  a  j*ark 
wateliiiiaiL 
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Daily  gage  height  in  feet  of  Rock  Creek  at  Zoological  I\irky  District  of  Columbiay 

for  1899. 


Day. 

jjan. 

Feb. 

Mar. 

Apr. 

Ma>-. 
2.75 

Jane. 

July. 

Aug. 
2.*i 

Sept. 
2.40 

Oct. 

Nov. 

Dec. 

1     .. 

'    3.05 

2.78 

3.30 

3.00 

2.88 

2.40 

2.58 

3.65 

2.53 

<* 

i     Z:1b 

2.88 

3.23 

2.9:) 

2.70 

2.68 

2.4<) 

2.36 

2.40 

2.50 

2.83 

2.68 

3!  '.' 

2.«8 

2.88 

3.13 

2.90 

2.73 

2.63 

2.36 

3.90 

2.40 

2.50 

2.80 

2.53 

4.  .. 

1    2.90 
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NORTH   ANNA   RIVER,  VIRGINIA. 

MeasnrementH  of  North  Anna  River,  a  tributary  of  Painxinkey 
River,  were  made  in  Aujj:ust,  1896,  by  J.  O.  Smith  and  A.  LangHtaff 
Johnston,  of  Richmond,  Virginia,  at  Mr.  Smith's  mill,  at  a  point 
about  1  mile  above  the  Hanover  County  line;  also  at  McGeehees 
Bridge,  about  3  miles  above  the  mill.  At  that  time  the  river  was  at 
its  lowest  stage  for  the  year.  During  the  A\inter  the  volume  is  believed 
to  l>e  four  or  five  times  greater.  The  measurements  at  the  mill  gave 
an  average  area  of  148  square  feet  and  an  average  velocity  of  0.09 
foot  i)er  second,  th<>  total  dischargi^  being  102  second-feet.  The  meas- 
urement* at  Mc<Tet*he(?s  Bridge  showed  an  avcn^age  area  of  184  square 
feet  and  an  av(u*age  velocity  of  0.50  foot  per  second,  giving  a  discharge 
of  92  second-feet. 


NORTH    KIVEU   AT   (iLASCJOW,  VIRGINIA. 

Tliis  river  rises  on  the  western  slojie  of  the  Shenandoah  Mountains, 
and  flows  in  a  southeasterly  direction  across  the  valley  between  the 
Shenandoah  and  Blue  Ridge  ranges,  emptying  into  James  River  about. 
17  miles  south  of  Lexington,  Virginia.  Its  waterahed  is  largely  under 
cultivation,  except  in  the  upper  part,  where  it  is  mcmntainous  and 
ooVered  with  forest  growth.  The  entire  drainage  area  is  mapped  on 
the  LexingUm,  Monterey,  Staunton,  and  Natural  Bridge  atlas  sheets. 
This  station  was  established  at  the  East  Glasgow  County  Bridge, 
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abmi  1  ntilv  mbowm  %hm  mtmih  of  Notth  Bltcr,  bf  C.  11  BAbb  and  IXj 
C  Bampiir^Ts,  oa  Aagus^  f  1^  IJiSHi    Tli«!  bi^lgbl  of  wmter  Is  tilie^rvB 
h§  aMBBB  of  »  wire  JCnge,  tte  boaid  beii^g  plat:^!  fio  tii4§  gannl  mil  m 
tte  liiwiiiMc  of  tte  bri4ffe^  ftnA  gfBdaat^l  in  f««^  Aiui  u^t^.    Thi^ 
PHi  ii  fftietred  tm  a  bencli  mark  ^t  the  U»p  of  tlie  lop  cAord  of  the 
bridgv  0Tipr  tW  p«^  ptiUey  •!  so  eb?^ nation  of  .^,  e4  feet.    The  dmULnce 
fnjtn  ihe  i*iwl  of  the  weight  t->  the  marker  of  the  pi^  i»  :?7,86  fe«l. 
I1ie  tD€«ie:ur«taeQte  of  dischAf|:p  an!  made  fmoi  Ihe  bridgie,  thj&  Initial 
point  for  noaiidii]^  bein^  on  tbt*  left  baok-     Th#  cbaxmel  is  straight  i 
for  about  5ii>  feet  abore  and  below  the  8ta£toti;  the  enrreui  mtlier  1 
\  hot  with  ^aMeient  veloeitjr  for  measaremeDta^     There  is  a 
I  on  the  Xorth  Biv  er  lU  mil^A  al^re  the  i^taltofi,  bat  its  inflneneeoa   i 
the  flow  is  aeareelj  ncitieeable.    The  rijAi  hauik:  m  high,  but  the  leA 
batik  \a  subject  to  overflow  in  very  high  water.     The  be<l  ijs  of  rock 
and  grmTel,  aod  fairly  pemmDent,     The  oliserver  is*  B.  O,  Baidwliif  a 
merebant  of  Glaagiiw,  Vtrginia.     Besolls  of  mea&aremeota  may  be 
loitod  aft  foIlowB:  lSa>-!3itj,  EigliU^nth  Annual  Heport,  Part  TV,  pagi 
39;  1897,  ytneteenth  Annual  Rein^rt,  Part-  IV,  page  IGi;  IKlH,  Tiren-j 
tloih  Anitiial  H«poH,  Part  W^  page  133.    The  following  di^Jiaii 
measarements  were  made  during  1899  by  D.  C.  Humphrev^: 

March  m,  ga^  bdgfat*  %m  feet;  dbcbjirge*  2,9S9  Kioood^eeL 
I     Jtuw  3f7,  g«^  h^igllti  0l95  fool;  disch^rff^,  ^7  iieooad-f eeL 
'     Angi^  7,  gige  b«^hl,  0.93  foot,  dt^ehaiit  2in  sooodd-reeC 

At  thl?  last  meaflnreiifteDi  tbe  v^lcicit  j  was  luirelf  suMdent  to  tarn  tilt  i 
and  msrfwcB  Eoata  indicated  that  tb«  discharge  shooM  be  A^mawhat  greater* 

Daily  gage  height^  in  feet ^  of  Xorth  Rir^^r  at  Ola^gow^  Virginia,  fitr  iS^H, 
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JAMES  RIVER  AT  BUCHANAN,  VIRGINIA. 

This  river  rises  in  the  Allegheny  Mountains,  on  the  western  border 
of  Virginia,  and  flows  in  an  easterly  dii'ection  across  the  State  into 
Chesapeake  Bay.     The  upper  part  of  it«  drainage  area  is  mountainous 
and  largely  covered  with  forests,  while  in  the  eastern  part  of  the  State 
the  river  flows  through  a  flat  and  cultivate<l  area.     Measurements  of 
flow  are  made  at  Buchanan,  in  Botetourt  County,  and  at  Cartersville, 
50  miles  above  Richmond.     The  station  at  Buchanan  was  established 
by  C.  C.  Babb  and  D.  C.  Humphreys,  August  18,  1895.     It  is  about 
20  miles  above  the  mouth  of  North  River  and  one-half  mile  above  the 
mouth  of  Purgatory  Creek,  as  shown  on  the  Natural  Bridge  topo- 
graphic atlas  sheet.     The  area  as  far  as  this  point  is  mapped  ou  the 
Natural  Bridge,  Staunton,  Monterey,  Lewisburg,  Dublin,  Christians- 
barg,  and  Roanoke  sheets.     The  United  States  Weather  Bureau  had 
maintained  a  gage  here  for  about  two  years  before  measurements  were 
made  by  the  Geological  Survey.     The  wire  gage  is  suspended  from 
the  steel  highway  bridge  which  crosses  the  river  on  two  spans.     On 
April  3,  1897,  the  zero  of  this  gage  was  lowered  2  feet  to  avoid  nega- 
tive readings.     The  gage  is  referred  to  a  scale  divided  into  feet  and 
tenths,  and  to  two  bench  marks.     First,  the  toj)  of  the  upper  end  of 
the  third  floor  beam  from  left  bank  is  30.00  feet  above  the  zero  of  the 
gage.    Second,  the  top  of  a  stone  post  under  the  southwest  corner  of 
the  porch  of  the  Chesapeake  and  Ohio  Railroad  passenger  station 
18  24.68  feet  above  zero  of  gage.     A  third  bench  mark  is  on  a  perma- 
nent ledge  of  rock  on  the  left  bank  about  500  feet  above  the  bridge, 
*nd  at  an  elevation  of  17.48  feet  above  the  zero  of  the  gage.     The 
initial  point  of  soundings  is  on  the  left  bank,  upper  side  of  the  bridge, 
^rked  with  the  end  pin  of  the  truss.     The  channel  is  straight,  the 
flow  fairly  swift,  and  without  obstructions.     The  bed  is  rocky;  banks 
high  and  not  subject  to  overflow.     The  observer  is  U.  11.  Hyde,  a 
Wegraph  operator  for  the  Chesapeake  and  Ohio  Railroad,  at  Buch- 
anan, Virginia.     The  results  of  measurement  may  \>e  found  as  fol- 
lows: 1895-00,  Eighteenth  Annual  Report,  Part  IV,  page  41;  1897, 
Jfineteenth  Annual   Report,  Part   IV,  page   172;    1808,    Twentieth 
Annual  RejKirt,  Part  IV,  page  13G.     During  1800  three  measurements 
of  discharge  were  made  by  D.  C.  Humphreys;  the  first  on  March  30, 
at  a  gage  height  of  5.54  feet,  gave  a  discharge  0,804  second-feet;  the 
Second  on  July  G,  at  a  gage  height  of  2.00  feet,  gave  a  discharge  558 
iecond-feet,  and  the  thirtl  on  August  11,  at  a  gage   height  of  1.80 
feet,  gave  a  discharge  of  304  second-feet. 
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JAMES   RIVER  AT  CARTERS^TLLE,  VUtOINlA. 

Ob6er\*atioiiB  of  theiieight  of  -James  River  ait  madt*  by  th^  Wt^Hiin?f 
Biirettu  at  Lynch  burg  J  Vii'gmm,  46  miles  l>elow  BtiehaTiAn  and  atwuV 
li>0  milos  abovi*  Cai^torsville*  Thk^  dnunage  aiTa  is  ^ren  as  '\7(^^ 
square  inilc\s.  The  gugQ  ifi  on  the  fii-st  pier  of  the  Amherst  hri*lj;rtsflt 
the  foot  of  Ninth  Ktreet,  on  the  side  facing  Lynchburg,  «Im>iii  100 
feet  from  the  shore.  The  elevation  is  4m. 7  feet  alK>ve  rneiui  ^^ 
level  The  hij^hest  water  was  about  '27  feet  on  Septeinti^r  3U,  IS^TO, 
and  tlie  lowest  —d'S  f<x>t  on  September  li'-l.'i,  1895. 

Oai^es  were  establi8he^l  on  James  River  in  IS'.*^  by  M\\  F.  1>.  Isaaos, 
engineer  for  water  power  of  the  Ciiei^iapeake  and  Ohio  Railway  Ct>tn* 
pany,  at  Nineniile  Liieks,  Columbia,  Seottsville,  Lynehlnir^,  Bal<"ony 
Falls,  IMirhanaii,  Eagh^  Mountain,  and  Clifton  For^e.  Reeoixls  of 
heii,dits  ut  water  at  thes^  ptants  were  made  twic^^  daily  from  isu;]  to 
1807,  and  fresliet  reports  were  obtanied  for  these  years.  The  ^s^^^ 
wen*  not  refen-ed  to  any  fixed  datum ^  but  the  /,ero  of  eaeh  *?aiife  was 
i^et  a(  wliat  was  eonsidered  ordiimry  liiw  water  in  the  river.  During 
the  latter  part  of  181HI  reecn-ds  have  been  resumed,  exeeptiriir  fll 
f?cottsvillej  Baleony  Falln,  and  Eagle  MountaiiL  where  the  jirages  hnve 
been  abandoned. 

At  Bosher's  dam,  ^*  miles  above  Richmond,  is  a  gage  where  the  height 
of  water  is  reenrfled  twice  daily,  showing  the  supposed  liea^l  cm  the  en*sl 
of  dam.  This  crest,  hi^wever,  is  ko  irrei^ular  that  the  coefficient  of  di^ 
char^.^  has  not  T>een  aHcei'laine<b  Anotlier  eoniplication  exists  lathe 
fact  that  water  is  deflected  into  a  canal,  the  (piantity  not  being  knoWDi 
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0 Wrvations  are  maintainoti  by  the  Weather  Bureau  at  Richmond^ 
Vinrinm.  the  gage  being  at  the  foot  of  Virginia  street,  near  Four- 
teenth, immediately  east  of  the  Riehmond  and  Danville  Railro^ul 
bridge.  It  is  a  standard  brass  Weather  Bureau  gsige  emlKHldtnl  in 
the  cement  buttress.     The  elevation  of  the  zen>  is  -.8  feet. 

A  gaging  station  was  establisheii  Januarj"  1,  1S?>0,  by  Prof.  D.  C 
Humphreys,  and  is  located  at  the  highway  bridge  crossing  the  James  at 
Cartersville,  one-half  mile  from  railroad  station  and  50  miles  alcove 
Richmond.  Virginia.     Tlie  drainage  area  is  mapptnl  on  the  following 
atlas  sheets:  Goochland,  Farmville,  Palmyra,  (Tonlonsvillo,  Harrison- 
burg,   Buckingham,    Lexington,    Lynchburg,    Axiinimatox,    Natural 
Bridge,  Lewisburg,  Christ iansburg,  Roanoke,  Staunton,  Montei*ey,  and 
Dublin.     The  ^vi^e  gage  is  attached  to  a  horizontal  gage  nxl  fasteneil  to 
the  bridge  and  is  referre<l  to  a  lK?uch  mark,  the  top  of  the  lower  end 
of  the  fourth  floor  beam  from  the  right  i)ank,  which  is  32.04  feet  al>ove 
the  zero  of  the  gage.     The  gage  was  verifie4l  Juno  l*:>,  1S*J0.     The  chan- 
nel is  straight  for  one-thinl  of  a  mile  alx>ve  and  1  mile  l>elow  the 
station,  the  current  fairly  swift,  and  the  l>ottom  somewhat  sjindy  and 
shifting.     The  l>j)nks  are  high  and  not  subject  to  overflow  cxc*ept  in 
eJCtMiie  liigli  water.    The  observer  is  Julien  I.  Palmoiv,  clerk  in  a  store 
^X  Carl «^i*svi lie,  Virginia.     The  following  measuivments  were  made 
by  Prof.  D.  C.  Humphreys  and  F.  IL  Anschutz.     IVior  to  1890  two 
lOeasurements  were  made,  which  have  not  previously  been  published: 
September  8, 1897,  gage  height.  0.42  foot:  discharge,  603  second-feet. 
Jaly  10,  1IS98.  gage  height,  1.04  feet:  discharge,  1,323  second-feet. 
January  3.  1890,  gage  height.  3.82  feet:  discharge,  7,136  second-feet. 
June  23.  1899.  gage  height,  1.46  feet:  discharge.  2,680  second-feet. 

Dull  If  gage  height^  in  feet^  of  Jawes  Rhvr  at  CdrtcrsriUe,  Virginia,  for  LsViK 


Day.       Jan.     Feb.     Mar.  I  Apr.     May.  I  Jane.   July.    Aui;.    Si^pt.     Oct.     Nov.     I>oo. 


1.. 
2 

3.. 

♦  - 

5 
« . .. 

8.. 

9.- 
lo.. 
11. 
U.. 
Vi. 
14-- 
15  . 
Irt.. 
17.. 
ll*  . 
19  . 

ai.. 

21  . 

23  . 
»*.. 
S5.  . 
».. 
27-. 
28.. 
29  . 
W-. 
31.. 


4.40 
4.44) 
3.  TO 
4.(10 
4.(H) 
H.20 
19.  m 
15.40  , 
11.74  1 
W.tl) 
7.16 
5.IW* 
S.40 
5.17 
5.17 
4.70 
5.47 
5.15 
4.73 
K.W 
4.20 

4.ori 

3.K5 

3.75 

4.30 

4. 10 

3.M»  < 

3.75 

3.55 

:j.50 

3.42 


3.30 
3.25 
3.20 
4.30 
5.65 
7..'S0 
H.W) 
10. 50 
8.75 
H.40 
5.10 
5.10 
5.10 
5. 10 
6.00 
7.75 
14.00 
9.75 
10.56 
10.55 
14.00 
16. 10 
16.:)0 
13  75 
11.00 
H.  65 
lO.flO 

12.  a) 


13.  DO 
10.35 

9.40  ! 
20.  S)  , 
24. 70  I 
19  2:» 
13.17 
10.40 
10.90 
8.60  < 
7.30 
7.10 
6.90 
8.12 
10.65 
8.30  , 
8.05 
17.33 
18.32 
12.8:{ 
8.80 
8.(X)  ' 
7.60 
6.<W> 
6.15 
5.85 
5.25  : 
6.35 
6.15 
6.55  i 


6.05  ■ 

5.62 

5.15 

4.65 

4.60 

4.25 

4.15 

9.55 

8. 50 

8.15 

7.12  . 

6.15 

4.90 

4.70 

4.50 

4.15 

4.(r7 

3.95 

3. 75 

3.60 

3.55  I 

3.47 

3.:c 
;j.i7 
:j.oh 

3.05 
3.20 
3.25 
3.30 
3.10 


3.00 
2.85 

2.8i) 
3.05 
2.80 
2.80 
3.65 
4.5i> 
5.0i» 
6.20 
6.5«) 

7.;io 

5.05 
5.65 
5. 15 
5. 15 
4.45 

:i9o 

3.65 
;j.40 
3.17 
2.8«i 
2.80 
2.70 
2.50 
2. 45 
2.45 
2. 15 
2.tl5 
2.20 


2.30 

2.2i» 

2.70 

,    2.40 

I  2;io 

!  2.05 
1.97 
1.75 
1.8I> 
2.0J 
2.3i» 
3.10 
3.45 
3.40 

:j.47 

3.  (M 

2. 10 

2.(1) 

1.78 

1.70 

1.5<) 

1.48  , 

1.40 

1.40 

1.70 

2. 10 

1.60 

1.40, 

1.80 


1.53 
l.;i5 
1.25 
1.12 
1.22 
1.25 
1.30 
1.47 
1.3i> 
1. 15 

\.m 

1.24 

:.(» 

l.(C» 

l.(«) 
1.07 

1.00 
1.04 
1.15 
1.05 

.88 
.82 
.80 

!;o 

.80 
2.23 
2.30 
1.L8 
1.40 
1.70 


1.3i» 
1.10 
1.00 
.90 
.85 
2.30 
2.00  ■ 
1.45 
1.35 
1.10 
'  1.00 
1.26 
1.19 
1.09 
1.10 
2.64 
2.12 
1.40 

i.;*» 

1.15 
.97 

.HO  I 

.80  i 

.82 

.76  I 

.66 

7.*) 

6.45 

3.50 

2.7«) 

1.84 


1.40 

i.:e 

2.90 
1.44 
l.:l5 
1.15 
1.15 
l.:ii» 
MiO 
1.44 
1.27 
1.20 
1.30 
1.31 
1.13 
1.05 
1.00 

.92 

.85 
3. 40  I 
5.40 
3.40 
2.65  . 
2.10 
1.30  I 
3. 50 
2.35 
1.70 
1.441  • 
1.30  I 


\ 


1.30 
1.15 
1.10 
1.10 
1.10 
1.05 
l.U) 
l.N) 
2.  Oi» 
2.415 
l..T4» 
1.40 

i.;jo 

1.20 

1.10 

1.10 

l.H» 

X.'A) 

1.10 

1.00 

.9« 

.97 

.98 

1.01) 

\.(XS 

.98 

.97 

.97 

.97 

.97 

.97 


4.97 
4. 15 
3.  (to 
5.30 
:). :«) 
2.  H» 
2.  50 
2. 20 
1.95 
1.85 
l.liO 

1.50 

1.45 

I 

1.50 

l.:«)  ' 

i.:)o 

i.:s» 

1.25  ■ 

1.25 

l.rsi 

1.25 
1.25  , 

i.ri 

1.25  , 

1.25 

1.20 

1.20 

1.20 

1.20  I 


ZV  I 


1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.15 
1.10 
l.(K> 
1.00 
1.10 
3.  15 
2.K0 
3. 10 
2.90 
2.80 
2.  40 

1..S0 

1  so 

l.4iO 
1.50 
1.45 
1  (H) 
l.N) 
2.  00 
2. 14) 
2.00 
1.80 
1.75 
\.<!ir> 


Note,*— Data  coneeming  other  rivers  ai*e  t^veu  iu  suei3<MMlirtjjrpdi| 
of  tliis  ftorie*4,  lj^t,ntmmg  on  page  107  of  VVater-Snpply  Paper  Nii  I 
By  tho  law  approved  June  11,  1806  (Stat,    L.,  vol  20,  p.  453K 
reports  of  this  neriefi  are  limited  to  1 0(1  pages  each.     It  i:§  t^eii 
neceitftary  to  arbitrarily  subdivide  thl**  report  on  operaiioiuf  at  ] 
stations. 
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Sandusky  River  at  Mexico,  Ohio   ..,______ , ITJ 

Sandusky  River  ar  l^remoDt,  Ohio  . , 181 

Nia^ra  River  below  Buffalo,  New  York  ......,,- 181 

Seneca  River  at  Baldwins viUe,  New  York    .  ,* .   ,.^-^^ Iffl 

Chittftnaugo  Greek  at  Bridgeport,  New  York  ._....... _^.... _.... .  ..  tK 

Oneida  Creek  at  Kenwood^  New  York ,.  .. «. -.^  IH 

Fish  Creek,  West  Branch,  at  McConnellsville,  New  York_..,...iv  -,.  IB 

Fish  Creek.  East  Branch,  above  Point  Rock ,  New  York . 101 

Ofiwego  River  at  Fulton,  New  York. _  188 

Oawego  River  at  Oswego,  New  York , , .,.  ....     ....-,  tH 

Salmon  River  at  Orwell,  New  York ^  ,*.  ,.  .,_,,    .,.,...,*. W 

Black  River  at  Watertown,  New  York ...-*..  ^. .... ^_  IW 

St,  Lawrence  River  near  Montreal,  Canada.. .-..,--    .-^..,  ,   ........  191 

MissJs«ip[H  River  at  SL  Paul,  511  onc^siota ,,.  . ..  Ifti 

West  Gallatin  River  at  Saleav  ill  e.  Montana _.,.....   .   ._, _  M5 

Middle  Creek  at  Bozemau,  Moutonji ., ..  ....._ _,  IW 

Gallft tin  River  at  Logan,  Montin;i _,.„  ,  ,_^      *^^,     ,   _,^  ^*.,  Iflr 
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Part  II. 


MKASirREMENTS  AT  RIVER  STATIONS.' 

ROANOKE   RIVER   AT  ROANOKE,  VIRGINIA. 

This  river  rises  in  Montgoinerj'^  County,  Virginia.  Its  hendwaters 
are  near  those  of  New  River  on  the  west.  This  stream  lower  down 
is  known  as  Staunton  River,  and  joins  the  Dan  at  Danville  to  form 
the  main  lower  Roanoke  River.  There  are  a  number  of  fine  water 
powers  along  its  length,  described  more  fully  in  the  Nineteenth 
Annual  Report,  Part  lY,  page  176.  The  drainage  area  is  mapped  on 
the  Roanoke  and  Christiansburg  sheets.  The  gaging  station  was 
established  by  Prof.  D.  C.  Humphreys  July  10,  1896,  and  is  located 
on  the  edge  of  the  town  of  Roanoke,  Virginia,  on  the  Walnut  street 
car  line.  The  gage  is  of  wire,  with  the  rod  fastened  to  the  floor  of 
the  bridge.  The  top  of  the  lower  end  of  the  first  fioor  beam  is  21:99 
feet  alx)ve  gage  datum.  The  length  of  gage  wire  is  24.39  feet.  The 
right  bank  is  above  high  water,  but  the  left  is  liable  to  overflow  in 
extreme  high  stages.  The  channel  is  nearly  straight  and  the  current 
good.  The  results  of  discharge  measurements  may  be  found  as  fol- 
lows: 1896,  Eighteenth  Annual  Report,  Part  IV,  page  42;  1897-98, 
Twentieth  Annual  Report,  Part  IV,  page  140.  The  following  meas- 
urements were  made  during  1899  by  D.  C.  Humphreys:  The  first,  on 
May  29,  at  a  gage  height  of  2.51  feet,  gave  a  discharge  of  1,123  second- 
feet;  the  second  one,  on  June  27,  at  a  gage  height  of  1.32  feet,  gave 
a  discharge  of  290  second-feet;  the  third,  on  August  7,  at  a  gage  height 
of  0.88  f(K>t,  gave  a  discharge  of  135  second-feet. 


1  Continued  from  Water-Sapi>ly  and  Irri|{ation  Paper  No.  as. 
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Ikiily  ga0<»  hmght,  in/eei,  of  Hoanoke  River  at  Roanoke,  Virginia.  f*tr  iSHB, 
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a  IntarpolAted. 

Main  Koanoko  River  i^  formed  by  the  junction  of  Dan  and  Staon- 
toii  11  vert*  at  Clarksville,  Virginia,  and  flows  southerly ^  entering  Albe- 
marle Sound.  The  United  States  Weather  Bureau  has  a  Htat!oin>Q 
Dan  River  at  Danville,  Vii^nia,  55  niilea  above  the  mouth  of  Staun- 
ton Rivoi.  The  gSLge  is  of  timber,  and  is  atUichod  to  the  first  piiTof 
the  iron  bridge  between  North  and  South  Danville.  The  highest 
water  was  13.0,  on  September  13,  1893;  lowest,  0.02,  on  January  26, 
1894.  The  danger  line  is  at  8  feet.  The  drainage  area  above  the  station 
is  1,900  square  miles,  according  to  the  United  States  Weather  Hureaii. 

A  secoiKl  gaging  station  is  maintained  by  the  United  States  Weal  her 
Bureau  on  Roanoke  River  at  Clarksville,  Virginia,  05  miles  al>ove 
Weldon,  North  Carolina.  The  river  gage  is  on  the  south  side  of  the 
river,  attached  to  a  tree  leaning  over  the  water.  The  highest  recorded 
water  was  13.5  feet,  on  September  14,  1893,  and  the  lowest  —  0.2  foot, 
on  July  19,  1894.  It  is  reported  that  on  November  27,  1877,  a  height 
of  27  feet  was  reached.  The  danger  line  is  at  12  feet.  The  drainage 
area  above  the  station  is  6,900  square  miles,  according  to  the  United 
States  Weather  Bureau. 

The  third  station  maintained  by  the  Weather  Bureau  on  tliis  river 
is  erected  at  Weldon,  North  Carolina,  30  miles  above  Neal  and  90 
miles  above  Albemarle  Sound.  The  river  gage  is  located  below  the 
Atlantic  Coast  Line  Railroad  bridge,  on  the  south  side  of  the  river. 
The  gage  is  of  white  pine  and  is  made  of  three  sections,  the  lowest 
section,  4  feet  to  17  feet,  is  of  detached  pieces  fastened  to  trees  which 
lean  over  the  river;  the  second  section,  17  feet  to  47  feet,  is  attached 
to  the  fore  bay  of  the  Roanoke  miWs-,  aV>o\^i  47  teet  the  gage  is  painted 
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d  the  mill  building.  The  zero  of  the  gage  is  4  feet  below  a  large 
>ck,  kno¥m  as  "Big  Cuba."  It  is  31  feet  below  the  railroad  crossing, 
"he  highest  recorded  water  is  46.8  feet,  on  November  26,  1877;  the 
>we8t,  —0.3,  on  August  21, 1893.  The  danger  line  is  at  27  feet.  The 
rainage  area  above  Weldon,  according  to  the  United  States  Weather 
bureau,  is  8,180  square  miles. 

POANOKK  RIVER  AT  NBAL,  NORTH   CAROLINA. 

This  station,  described  in  the  Eighteenth  Annual  Report,  Part  IV, 
>age  47,  was  established  July  27,  1896,  and  is  on  the  Norfolk  and 
iDarolina  Railroad  bridge,  near  Neal,  North  Carolina.  The  bench 
marks  for  the  gage  rod  are  described  in  Water-Supply  Paper  No.  15, 
page  28.  The  length  of  the  gage  wire  is  44.66  feet.  The  section  is  a 
fairly  good  one,  the  course  of  the  river  being  straight  for  some  dis- 
tance above  and  below  the  station  and  the  bottom  smooth.  Being 
muddy,  however,  the  bed  is  apt  to  cut  out  in  seasons  of  high  water 
and  l)oth  banks  are  subject  to  overflow.  The  observer  is  the  bridge 
wat<^hniHn,  Mr.  \V.  M.  Adams,  of  Neal,  North  Carolina.  Records  of 
Hieasurement  may  be  found  as  follows:  1896,  Eighteenth  Annual 
Report,  Part  IV,  page  48;  1897,  Nineteenth  Annual  Report,  Part  IV, 
t>age  181;  1898,  Twentieth  Annual  Report,  Part  IV,  page  142.  The 
tHeasurements  made  by  E.  W.  Myers  during  1899  are  as  follows: 

February  5,  gage  height,  20.80  feet;  diacharge,  28,998  second-feet 
May  25,  gage  height,  6.41  feet;  discharge,  6,045  second-feet. 
Jane  7,  gage  height,  6.45  feet;  discharge,  6,1 10  second-feet. 
October  12,  gage  height,  8.60  feet;  discharge,  7,978  second-feet. 
NoTember  28,  gage  height,  4.18  feet;  discharge,  4,439  second- feet. 

Daily  gage  height,  in  feet,  of  Roanoke  River  at  Neal,  North  Carolina,  for  1S99, 
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TAE   BrnER   AT   TARBORO.    NORTH   CAKOLUiA.- 


T*r  River  rises  in  Ihe  north -<?entml  |iart  of  Nurth  Carolina  and  flo*B 
tn  a  southeasterly  direction  inUi  Pamlico  River.  It  ero^ises  the  fall 
Bn*?  at  Koeky  Montit,  North  CViroHna,  where  is  located  the  prineiiiil 
powfriin  the  river.  The  fall  below  this  point  is  from  1  to  1|  feet  per 
mile.  The  fall  above  thia  point  is  about  2  feet  per  mile,  eoncentrated 
at  a  miiiilierof  points  where  timali  powers  can  lie  developeti.  The 
draiiiai^e  hasiu  m  largely  covered  with  foreM,  The  stream  is  Jisubject 
to  violent  frt*shets  and  periods  of  verj-  low  flow.  The  gaging  station, 
as  described  in  the  Eighteenth  Annual  Report,  Part  IV,  page  5o,  i^tm 
the  Atlantic  Coast  Line  bridge,  crossing  the  river  at  Tarboro,  North 
Carolina^  and  was  established  by  E-  W-  Myers  on  July  24,  1896,  The 
length  of  the  wire  gage  is  38.91)  feet.  The  ehannel  m  straight,  th# 
otirrent  moderately  swift^  the  Imnks  low  and  flooded  in  high  water* 
The  l>ed  is  sandy  and  fairly  constant.  Sand  bars  slightl^v  obstruct 
the  flow  of  the  river.  The  observer  is  R.  H.  Williams,  who  rt*a<ie 
the  gage  on^  a  day.  Measurements  of  discharge  are  niade  at  ihf 
highway  bridge  which  Grosses  the  stream  about  SOO  yards  alxive, 
this  point  famishing  a  better  station.  Records  of  flow  may  bo  found 
as  follows:  18%^  Eighteenth  Annual  Report^  Part  IV,  page  52;  1897, 
NineU^enth  Annual  Report,  Part  IV,  page  184;  1S98,  Twentieth  Annual 
Report,  Part  H",  page  U3,  The  following  meaanreinents  were  m&k 
by  E.  W;  Myers  during  1899: 

r    February  ^,  gage  height,  9 JO  feet;  discharge,  5,155  second-feel 
Maj  2i,  gage  height,  2. GO  feet;  discharge,  1  J^'>  aecond-feet 
Jnne  7,  gage  height,  3,00  feet:  di^ barge.  798  second* feet. 
Octobt-r  Uj,  &age  height,  2,9.>  feet;  discharge,  1,150  second -feet. 
November  2m,  gage  height,  2.iO  feet;  dieoharge,  875  set ond- feet*  [ 

Daily  gctge  height,  in  feet,  of  Tar  River  at  Tar^)or(>,  North  Carolina,  fur  lS9fK 
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irORTH   CABOUNA.  Ill 

NETSB  RIVKR  AT  SELMA,  NORTH  CAROLINA. 

Nease  River  rises  in  the  north-<!entral  part  of  Korth  Carolina,  and 
ows  in  a  southeasterly  direction,  emptying  into  Pamlioo  Sound.  The 
tream  crosses  the  fall  line  at  Snuthfield,  below  which  point  there  is 
o  power.  The  elevation  of  the  river  at  Smithfield  is  about  106  feet. 
Lt  the  crossing  of  the  Seaboard  Air  Line  Railroad,  some  35  miles  alK)ve, 
tie  elevalton  is  about  175  feet,  making  the  fall  in  this  part  of  the 
iver  about  2  feet  per  mile.  Above  this  point  the  fall  is  much  greater. 
L  large  part  of  the  area  drained  by  this  stream  is  forest  covered.  The 
iver  is  subjected  to  violent  freshets  and  to  periods  of  low  flow.  The 
linimum  flow  per  square  mile  decreases  rapidly  as  the  stream  is 
seended.  A  weir  measurement  of  Eno  River  where  the  drainage 
rea  was  about  100  square  miles,  gave  a  flow  of  3,000,000  gallons  per 
wenty-fourhours,  or4.64  second-feet,  or  at  the  rate  of  0.046  cubic  feet 
ler  second  per  square  mile.  This  measurement  was  made  during  the 
evere  drought  of  the  summer  of  1897.  There  are  a  number  of  local- 
ties  where  power  can  be  developed.  The  gaging  station  described  in 
he  Eighteenth  Annual  Report,  Part  IV,  page  52,  is  located  on  the 
k>athem  Railway  bridge,  about  3  miles  from  Selma,  North  Carolina. 
:t  was  established  by  E.  W.  Myers,  July  29, 1896.  The  bed  of  the  river 
lere  is  sandy  and  muddy  and  is  liable  to  change  in  high  water.  The 
low  is  obstructed  by  one  pier  of  the  bridge ;  the  channel  is  straight,  the 
current  moderately  swift  and  confined  to  one  channeL  The  gage  rod 
iras  moved  February  6, 1899,  to  the  highway  bridge,  crossing  the  river 
%bout  200  yards  below.  The  zero  of  the  gage  rod  is  33.7  feet  west  of 
the  center  rod  of  the  truss  of  the  bridge,  and  on  the  downstream  si^e. 
rhe  outer  rim  of  the  pulley  wheel  is  4.75  feet  east  of  the  zero  of  the 
i^age  rod,  and  the  distance  from  the  end  of  the  weight  to  the  marker 
Dn  wire  is  35.00  feet.  When  this  station  was  visited  on  May  23,  1899, 
the  gage  was  measured,  and  this  distance  was  found  to  be  35.35  feet. 
When  visited  in  June  this  length  was  found  to  be  35.37  feet;  in  Octo- 
ber 35.48  feet,  and  at  the  November  ^isit  it  was  found  to  be  35.50  feet. 
rhis  error  has  been  allowed  to  accumulate,  and  gage  heights  on  the 
ittached  sheet  have  been  adjusted  by  these  measurements.  The 
)b8erver  is  C.  Richardson,  engineer  at  pumping  station,  Selma,  North 
Carolina.  Records  of  flow  ma}^  be  found  as  follows:  1896,  Eighteenth 
Annual  Report,  Part  IV,  page  53;  1897,  Nineteenth  Annual  Report^ 
Part  IV,  page  186;  1898,  Twentieth  Annual  Report,  Part-  IV,  page 
[44.  The  folloMing  measurements  were  made  by  E.  W.  Myei*s  during 
1899: 

Febmary  6,  gage  height,  15.68  feet;  discharge,  7,807  second-feet 
May  23,  gage  height,  4.28  feet;  discharge,  1,262  second-feet 
Jmie  5,  gage  height,  3.10  feet:  discharge,  778  second-feet. 
October  12,  gage  height,  1.79  feet;  discharge,  574  second-feet. 
November  26,  gage  height,  1.30  feet;  discharge,  356  second-feet 
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mfkifi  north  of  >foncore.  CliAtluiQi  Coanty,  Xortti  Carftlijia,  at  Thel>rit1gf 
of  *  the  Seaboard  Air  Line,  which  orose*^  the  riv*^r  her^^  ami  about 
2  miles  from  the  juDction  of  the  river  with  Deep  River  to  fonii  the 
Cape  Fear.  The  o^jserrer  is  M.  A,  Moore,  Moncnre,  Xtirth  Crtnilina, 
who  abw^i  attends  the  station  oo  Deep  River.  The  gag^  i^  a  horiiAmtal 
rod  well  painted,  divided  into  feet  and  tenths,  securely  nailed  to  ibe 
ootcr  Hide  of  the  giiard  rail  of  the  bridge  on  the  upstream  side.  The 
2- foot  mark  on  the  rod  la  over  the  center  of  the  second  Jlocjr  lieAffl 
fmin  the  eottth  end  of  the  second  spiiii  from  the  south  end  i>f  the 
bridge.  The  length  of  gage  was  last  verified  Novenil>t*r  lM>,  1S99* 
The  initial  point  for^^ouoding  is  a  notch  cut  in  the  guard  rail  upi>i^si!e 
tKet4otitti  end  of  the  bridge  and  on  the  ujistreaiii  side,  the  section  here 
beinfC  l^^tter  than  that  on  the  downstream  side.  The  channel  is 
Htrai^lil  for  some  distance  above  and  below  the  station.  The  A^eloeitf 
In  ko<k1  and  uniformly  diNtribut^d  across  the  stream,  BothbaTiksjinj 
rathi^r  low  and  subject  to  overflow  in  time  of  flooiL  The  lied  of  the 
Ktreani  is  of  coarm;  ftnnd  and  gravel,  and  is  ]H-obably  not  subject  1<J 
any  d^^cidnl  change  in  high  water.  The  current  hen^  is  sn  me  what 
mrKlifl'^'l  by  a  fish  dam  alx>ut  150  yards  above  the  bridge-  The  st-ation 
is  rea**li*^*l  by  privnto  conveyance  from  Moncuit?.  When  the  station 
waM  oslablished  in  May,  1898,  the  distance  from  the  end  of  the  weiglit 
to  tlw  iH tinier  tm  the  wire  was  43.45  feet*     When  it  was  visiteil  in 
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iugust,  1898,  the  wire  was  measured  and  this  distance  was  found  to 
)e  43.67  feet.  In  February,  1899,  the  gage  was  measured  and  found 
fO  be  43.75  feet.  This  length  remained  the  same  at  the  subsequent 
risits  during  the  year,  in  June,  October,  and  November.  The  error 
was  not  corrected  on  the  gage  at  each  visit,  it  being  considered  pre- 
ferable to  change  the  gage  heights  after  the  stretch  was  found  to  have 
>ecome  fixed.  The  gage  heights  for  1899,  as  published  below,  have 
)een  corrected.  The  following  measurements  were  made  during  1899 
>y  E.  W.  Myers: 

February  4,  gage  height,  8.96  feet;  discharge,  5,594  second-feet. 
May  26,  gage  height,  2.20  feet;  discharge,  751  second-feet. 
June  5.  gage  height,  2.99  feet:  discharge,  1,275  second-feet. 
October  12.  gage  height,  1.85  feet;  discharge,  756  second  feet. 
November  26,  gage  height,  1.37  feet;  discharge,  358  second-feet 

Daily  gage  height,  in  feet,  of  Haw  Rircr  at  Moncure,  North  Carolina,  for  isn9. 
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DEEP  RIVER  AT  MOXCURE,  NORTH   CAROLINA. 


This  Station,  estAblishecl  May  5,  181)8,  by  E.  W.  Mj^era,  is  located 
kbout  one-fourth  of  a  mile  south  of  Moncure,  Chatham  County,  North 
!^arolina,  at  the  covered  wooden  bridge  of  the  Seaboard  Air  Line, 
rhich  crosses  the  river  here.  It  is  about  2  miles  alx)ve  the  junction 
inth  the  Haw  River  to  form  the  Cape  Fear.  The  observer  is  M.  A. 
lioore,  of  Moncure,  North  Cai-olina,  a  farmer  and  bridge  watchman 
Iving  about  100  yards  from  the  bridge.  The  gage  is  a  horizontal  rod, 
jrell  i>ainted,  divided  into  feet  and  tenths,  and  securely  nailed  to  the 
j^oard  rail  of  the  bridge.    The  zero  of  the  rod  ia  50  t^e>\i  »ow>iXi  ol  >3W6 


PAST   11*         im^m 

Theiaf- 


tetite 


mmik  end  of  Ifie  hndg»  mndcdi  ibm  dawB^jtv^m  mde.  Tbe  eliaiuifl  ii 
.  for  901116  dmiMnce  alkof e  aad  faelo«v  tlie  statioii-  The  \mn\m 
th^  be«l  pmbalitj  «^kilj  tfuftiti^  dartui^  high  v^f«^r, 
I  nioeflV'  is  not  gr^mt^  ho%  »fiifieieiii  for  pioper  measnrement,  niul 
is  «•!}  dMffboMKl  a»(M0  Um  stPMK.  Wlieii  tbe  MditioD  wn»  i-^itAb- 
Hikid  oo  Mmy  $,  ISOlS^  IIm  itiglnm^  from  tlie  eod  of  the  weiirltl  to 
tlif^  |viiiitpr  on  ibe  vii^  iras  45.16  feeL  Al  eveix  ntltoequ^nt  trip 
tbe  pi^  wm  hmm  been  jnewnired^  atul  It  was  'd»ea(T«r«d  thttt  tha 
knftb  was  gf^ifltial^  ingraaamg>  When  tht  sunioo  waa  visjted  w 
Aii^tMl  20,  IddS^  the  Itf^Etli  ol  the  wire  was  fombd  to  \^  4i>.^  fr«l. 
FebnufT,  1^99,  tfae  length  wm  fomid  to  be  M.38  feet^  in  M^v,  U40 
feel;  in  June,  45.45  feet;  in  Oeu>ber,  45-57  feet,  ftnd  in  Xo^emhef, 
43. '^j**  fi^i-  The^^  errors  wteere nllowod  toaceomiiljit^  t*»  :sef  if  the  wire 
liAil  nny  ileiinil^^  &x«<d  rate  of  atvete^  under  a  constant  wetgbL  The 
gagn  beigfat0  aa  poblifibed  lielow  bare  been  adjusted  frum  the  mens- 
lD««Bifmt«  noted  above.  Retiords  of  3aw  maj  be  fannd  in  the  Twen- 
tieth Ann  aal  Report,  Part  IV,  |iage  146.  The  following  measttreoieiila 
were  made  daring  1891*  bj  E.  W,  Myers: 

Fbbmai7  4,  p^  htigtA,  IM  im^  ^Khas^t^  4,»0  seoond-liMi. 

Janip  Tr,  giig«  hMghl,  3.51  feet;  di^bar^,  $10  iieccmd-reet, 
Ociobpr  li.  ^ag»  het^t,  l.m  t^%:  discharge,  449  aecond-I^Get. 
Noremlier  tft,  gage  hei^t,  1.S3  feet;  disehargie,  2^  eieoDiid-feet. 

Iktiij/ffage  heights  in  feet,  of  Det^p  River  at  Moncurr,  y^rth  Cnroiina,  for  ISfJ^ 
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CAPE   FEAR  RIVER  AT  FAYETTEVILLB.  NDRTH   CAROLINA. 

Cai>e  Fear  River  is  formed  by  the  junction  of  the  Ilaw  and  Deep 
irersnearMoncure,  Chatham  County,  North  Carolina,  and  flows  in  a 
•ntheasterly  direction,  emptying  into  the  Atlantic  C>c*ean  near  Wil- 
ington.  Its  watershed  for  the  most  part  is  flat  and  well  covereil 
itb  forest  growth.  Measurements  are  made  on  both  the  llaw  and 
le  Deep  at  Moncure,  and  on  the  Cai>e  Fear  at  Fayetteville.  The 
easurements  are  of  value  in  the  study  of  the  valuable  water  powers 
'  the  Cape  Fear  and  its  tributaries.  The  gaging  station  descril)ed 
I  the  Eighteenth  Annual  Report,  Part  IV,  page  54,  is  at  the  bridge 
I  the  Alantlc  Coast  Line,  about  a  mile  east  of  Fayetteville,  North 
arolina.  The  Weather  Bureau  has  a  gage  fastened  on  the  lower 
ide  of  the  east  abutment  of  the  covered  highway  bridge,  this  being 
bout  400  feet  above  the  railroad  bridge,  from  which  discharge  meas- 
LTements  are  made.  The  lower  29  feet  of  this  gage  consists  of  a  rod 
Uvided  into  feet  and  tenths  and  firmly  fastened  to  the  abutment, 
^bove  the  20-foot  mark  the  scale  is  painted  on  the  rock.  The  observer 
8  Frank  Glover,  who  has  charge  of  the  steamboat  landing  just  Iwlow 
be  railroad  bridge.  For  his  convenience  he  has  placed  a  sul>sidiary 
l^age  at  the  steamboat  landing  reading  about  the  same  as  the  official 
sage,  and  from  this  observations  are  taken.  The  channel  is  straight 
ind  the  current  moderately  swift  and  not  influenced  by  dams  or  other 
>b6tructions.  The  banks  are  high  and  the  total  flow  of  the  river  is 
n  one  channel,  even  during  the  highest  floods.  The  bed  is  fairly 
constant.  Records  of  flow  may  be  found  as  follows:  18J)<5,  Eighteenth 
Annual  Report,  Part  IV,  page  56;  1897,  Nineteenth  Annual  Report, 
Part  IV,  page  93;  1898,  Twentieth  Annual  Report,  Part  IV,  page  145. 
the  following  measurements  were  made  by  E.  W.  Myers  during  1899: 

Febmary  7,  gage  height,  46.50  feet;  discharge,  61,921  second-feet. 
May  24,  gage  height,  6.40  feet;  discharge,  3,142  second-feet. 
June  6,  gage  height,  4.20  feet;  discharge,  1,577  second-feet. 
October  13,  gage  height,  6.00  feet;  discharge,  2,132  second- ieet. 
November  29,  gage  height,  9.65  feet;  discharge,  7,742  second-feet. 
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IkiUg  tjage  heiyht,  in  feet^  o/  Cape  Fear  Ritter  at  FayettcvUle,  Nfirth  Caroiiw, 

for  IS99. 
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YADKIN   Rn^R  AT  SALI8BUHY,  NORTH   CAROUNA. 

This  river  rises  in  the  west-central  part  of  Nortli  Carol iuii,  flows 
etvstorly,  nnd  th«'ii  luriiinj^  aljriiptly  t^outh  continues  uen>ss  tlu-  tvnlnil 
part  of  NortU  C'aroiiiia  and  through  tlie  northea8t<?rii  part^  of  South 
Carol  J  mi  into  tiie  A  Man  tie  Ocean,  Throughout  the  upper  part  of  its 
course  tlio  t-ripoiri-aphy  of  its  Wiiterfthed  is  rough  and  muuutaitioiijj,  hut 
as  it  approaches  tlie  ocean  the  land  becomes  Hat  and  laaT-jshy.  The 
uppor  [)<>rtion  of  itt*  watershed  isi  well  timberoil.  The  drainage  anj^a  is 
partly  niappt^t]  on  the  Statesvillo,  Hickory^  Wilkes boro,  Vadkinville, 
mid  IJillsville  atlaw  slieel.s.  Thei-e  are  a  number  of  pliices  whert*  wat^r 
powers  may  be  developed,  and  measiireuients  have  been  nuule  to 
d  e  t  e  riT  d  ii  e  th  e  a  v  a  i  1  ab  1  e  a  n  i  o  u  a  t .  As  tati  o  n  h  as  l)ec^  u  e^^t  ab  I  i  .s  1 1  tnl  r  i  ear 
Salisbury,  North  Can)lina,  and  another  one  about  50  miles  i nearer  ils 
m o u t h ,  at  K  o r w<x>( I ,  N o rt h  C aro I  i n a .  Tli  e  Sal isb n ry  s tatio n ,  il esv r i  M 
in  the  Eigliteenth  Annual  He[>ort,  Part  IV,  page  57,  wa.s  (*sUiblislir<] 
by  C.  C.  Babb  JSeptcrnber  :?4,  1805^  and  i^  located  at  the  Sou t hero 
RaihvMV  bridge  nt*ar  lloltsluirg,  near  the  mouth  of  14 rant  Ore*^k,  nM 
ab(nit  Ii  miles  from  Salisbury,  North  Carolina.  The  lenj^th  of  the 
wire  gage  is  -55 JO  feet.  Tlie  obsi>rver  i^  W,  L.  Owen,  Rn^jiaii  of 
pumping  sUition,  loe.^jited  just  below  the  bridge.  The  siatiiJU  i.si^u^ily 
reae lied  1  jy  [ >r i v a t e  e on v e^^'a n i-cj  f  r o m  Sal i sb a r^^ .  1) i se h a r^^^ .  j ^ ^^^s 1 1 n^ 
mentsarc  made  from  the  lower  side  of  the  de^ik  bridge,  the  zero  iKiint 
being  on  tJw  left  bank.     The  channel  i.s  oljstrui^ted   by  ihrevt  piers 
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1th  large  rafts  of  driftwood  lodged  against  each  and  sand  bars 
elow  each.  The  channel  is  straight,  current  sMift,  and  the  bed 
>ugh  and  rocky.  The  banks  are  rather  low,  but  all  of  the  water 
asses  beneath  the  bridge  during  floods.  Records  of  discharge  may 
e  found  as  follows:  1896,  Eighteenth  Annual  Report,  Part  IV,  page 
9;  1897,  Nineteenth  Annual  Report,  Part  IV,  page  201;  1898,  Twen- 
ieth  Annual  Report,  Part  IV,  page  146.  The  following  measure- 
lents  were  made  by  E.  W.  Myers  during  1899: 

Measurements  of  Yadkin  River  at  Salisbury ^  North  Cnrolhuu 
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190 

3.30 

aao 

4.10 

4.80 

2.00 

3,]0 

i.grj 

LOO 

1.70 

;k«) 

11.—. 

4.  .10 

3.90 

5.  SO 

3.80 

4.10 

3.90 

2.00 

aoo 

1.70 

aoo 

1.70 

a40 

111,.... 

4.40 

£.» 

a.  50 

3.70 

aeo 

a  a) 

1.90 

1.90 

1.70 

1.90 

1.70 

ago 

li 

4.10 

3.01 

n.m 

3.70 

a  10 

:t.eo 

l.»0 

1,90 

1.6^ 

1.80 

1.70 

a  10 

1T.„., 

3.70 

5.10 

7.90 

aeo 

aw 

2.  so 

1.90 

1.80 

i.«n 

1.811 

1.70 

aoo 

M...,. 

aJ5fl 

O.OO 

6.  TO 

a  50 

aoo 

2.10 

2.30 

1.70 

l.flO 

l.Ml 

1.70 

1.00 

lt.,__. 

aso 

5.00 

12.00 

a  40 

2.90 

2.40 

2.20 

1.70 

1.50 

}.m 

1.70 

i.tio 

m 

3.10 

4.«0 

17.  BO 

%m 

e.80 

2.30 

S.10 

l.SO 

4.SLI 

Lm) 

l.TfJ 

1.90 

m 

2.  HO 

4.00 

13.75 

a  40 

3.70 

2.30 

1.90 

LflO 

3,9(» 

1,8)1 

1.70 

1.70 

a...,- 

S.90 

aoo 

8.50 

a  30 

2.70 

2.30 

1.90 

i.eo 

2.20 

l.w 

1.70 

1.70 

m 

zm 

3.eo 

5.30 

a^ 

3.90 

2.30 

1.90 

1.80 

1.00 

1.70 

1.70 

i.ro 

>*_.... 

S.00 

3.10 

4.80 

a  20 

aoo 

2.30 

1.90 

I..']0 

1,70 

1,70 

1.70 

aoo 

2.80 

a  10 

4.40 

a  30 

z.m 

3,3fJ 

3.CXJ 

\.m 

1.70 

1.70 

l.Iil 

3.40 

M 

^,80 

aoo 

4.30 

4.10 

a.  70 

2.flO 

2.70 

L50 

1,70 

1.70 

1-70 

a  40 

ir._„. 

2.m 

a  JO 

6.40 

i.lO 

2.70 

aoo 

4.30 

l.flO 

1.70 

1.70 

i.m 

a  10 

M,-.. 

S.90 

7.*0 

5,40 

a  80 

2,00 

2.00 

3.20 

aoo 

i.eo 

1,70 

1,«» 

l.flO 

i&m 

4.*,,-,. 

S.30 

a  40 

aflo 

2.*) 

aoo 

2.20 

i.eo 

1,70 

1.00 

L80 

m 

1.70 

5.30 

a  30 

2.60 

2.20 

a  80 

a2Q 

L50 

1.70 

1.00 

1.80 

!!_.-_, 

,.m 

*'■"" 

4.50 

2.50 

a  GO 

1.00 

1,70 

L70 

Yadkin  River,  after  passing  the  State  line  into  South  Carolina,  is 
jiown  as  Pedee  River.  The  United  States  Weather  Bureau  has 
oaintained  a  station  at  Cheraw,  South  Carolina,  on  Pedee  River.  The 
;age  is  a  pine  timber  attached  to  the  Cheraw  toll  bridge.  The  top 
»f  the  rail  on  the  Cheraw  and  Darlington  Railroad  bridge  is  58  feet 
Jx>ve  zero  of  gage.  The  highest  water  was  37.3  feet  on  March  11, 
875;  lowest,  0.0  feet,  in  August,  1866.  The  danger  line  is  at  27  feet. 
rhe  drainage  area  at  this  point  is  6,960  square  iniles^  according  t^ 
IRB36 2 
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th©  United  States  Weatlier  BureaiL  The  second  river-height  station 
maintained  by  the  Unit^l  States  Weather  Buneau  at  Smiths  Mi!!B^ 
Sonth  Carolina,  is  100  miles  below  Cheraw  and  45  miles  above  the 
mouth  of  the  river:  The  gage  is  a  1  by  G  inch  pine  timber  attached 
to  the  central  front  wooden  pier  of  the  E.  P.  Smith  wharf.  The  zero 
of  tlu^  gaj(e  is  25  feet  below  the  doorsillof  the  house  adjoining  the 
wharf.  The  highest  water  was  16  feet  in  September,  1893;  the  low- 
est, —  0.4  foot,  on  October  22,  1895.     The  danger  line  is  at  16  feet. 


I 


YADKIN   RIVER   AT  NORWOOD,  NORTH   CABOLINA. 


This  station,  descril>cd  in  the  Eighteenth  Annual  Report,  Part  IV, 
page  60,  was  established  by  E.  W.  Myei-s  September  1,  1890,  It  is  at 
Blalockfi  Ferry,  1  mile  above  Richlaod  Creek  and  about  2  miles  from 
Norwood,  North  Carolina.  The  gage  is  a  vertical  rod  divided  into 
feet  and  tenths,  and  is  securely  spiked  and  braced  to  an  overhanging 
tree  near  the  ferry.  The  rod  is  referred  to  a  bench  mark  consi^sting 
of  a  large  nail  driven  into  the  root  of  a  bireh  tree  al>out  50  feet  nt»rth- 
west  of  the  rod.  The  zero  of  the  gage  rod  is  5,93  feet  below  the  bench 
mark,  Thc^  river  here  is  broad  and  shallow  with  smofjth  Ixjltom  of 
sand  ami  gravel,  giving  a  good  section  for  dia<^liarge  measurements, 
whidi  are  taken  from  the  ferryboat.  The  channel  is  straight  and  free 
from  all  obstructions.  The  current  is  swift  and  the  depth  of  the  water 
uniform  J  except  at  a  point  about  100  feet  from  the  right  bank  where 
the  water  i«  deep  and  very  sluggish.  The  banks  ai-e  low,  and  at  the 
time  of  highest  flood  are  overflowed  for  a  distance  of  half  a  mile.  The 
observer  is  W.  B.  Nichols,  of  Norwood,  North  Carolina,  a  farmer,  who 
also  carries  the  mail.  Records  of  discharge  may  be  found  as  follows: 
1800,  Eighteenth  Annual  Report,  Part  IV,  page  01;  1897,  Nineteenth 
Annual  Report,  Part  IV,  page  203;  1898,  Twentieth  Annual  Report, 
Part  IV,  page  147.  Measurements  made  by  E.  W.  Myers  during  1899 
ar(^  as  follows: 

April  9,  gage  height,  3.40  feet;  discharge,  10,581  second- feet. 
June  8,  gage  height,  1.95  feet;  discharge,  4,474  second- feet. 
June  9,  gage  height,  1.95  feet;  discharge,  4,474  second-feet. 
October  C,  gage  height,  1.35  feet;  discharge,  2,629  second-feet. 
October  G,  gage  height,  1.33  feet;  discharge,  2,619  second-feet. 
December  15,  gage  height,  2.23  feet;  discharge,  6,299  second-feet. 

The  following  table,  computed  by  E.  W.  Mj^ers,  shows  tlie  compara- 
tive run-off  of  the  Yadkin  River  at  Salisbury  and  Norwood.  At  the 
former  point  the  area  drained  is  3,399  square  miles,  and  at  the  latter 
station  4,614  square  miles.  The  table  is  of  interest  on  account  of  tlie 
close  results,  especially  in  the  run-off  of  second-feet  per  square  mile 
between  the  two  stations,  which  are  about  50  miles  apart  and  have  a 
difference  in  drainage  area  of  1,215  square  miles.  The  footnotes  at 
the  bottom  of  the  table  should  be  studied  in  the  same  connection,  as 
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the  two  stations  were  not  established  at  the  same  time,  and  in  the  first 
part  of  the  record  are  not  entirely  comparable.  The  table  should  be 
compared  with  a  similar  table  for  the  Catawba  River  at  Catawba  and 
Rock  Hill  stations,  given  on  page  122. 

Table  shotrittg  comparative  minimum  flows  for  Yadkin  River  at  Salisbury  and 

Norwood^  North  Carolina, 


I     Driest  month. 


Year. 


Mean  flow  for 
Meen  flow  for  I  driest  montli 
driest  month.  I    per  square 
I  mile. 


Salis- 
bory. 


Nor-     i  Sails-  i  Nor-     Sails-  '  Nor- 
wood.   I  bury.  !  wood.    bury.     wood. 


Minimum  flow; 
for  year.      i 


Minimum  flow 
for  year  per 
square  miU>. 


I 


Salis- 
bury. 


I 


Nor- 
wood. 


Salis- 
bury. 


I 

1W5.     Oct (a) 

lt^\       Auk....   Sept.*. 
1«>7.     Sept....    Sept... 
18BH..   June  ...    June  . 
1«9.."  Sept.d.l  Oct... 


Sec.ft. 
1.426 
2.411 
1.727 

2,3»3 


I 


I 


Sec-ft  Sec.' ft.  Sec.ft.Sec.-ft. 
'  (a)  I  0.43  (a)  1.400 
62.409  ~       

1.X22 

2.rta6 

2.836 

i 


I 


.n 

.51 
.54 

.00 


60.52 

.57 
.61 


1.000 

900 

1.100 

l.ntM) 


Src.'/t.  Sec.  ft. 


in) 

M.4fiO  > 

1.310  I 

ri.ano  I 

1.790 


0.41 

.a) 

.36 
.32 

.38 


Nor- 
wood. 


S*c-ft. 

(O) 

60.31 
.28 
.30 
.30 


a  Station  not  established  during  this  year. 

6  Not  directly  comparable.    Station  not  established  until  Septemlwr. 

r  Minimum  flow  not  in  month  of  lowest  mean  flow,  but  in  July. 

cTFiinires  for  Norwood  station  /or  September  are  as  follows:  Mean  flow,  3,:M41  cubic  f^^et  iier 
second,  0.725  seoond-feet  per  square  mile;  minimum  flow,  2,060  second -feet,  a  451  second-feet  per 
aqnaremJIe. 

NoTK. — For  1897,  where  the  difference  is  most  marked,  there  is  a  higher  stage  of  water  reported 
from  the  Salisbury  station  than  at  the  Norwood  station,  the  crest  of  the  flood  probably  passing 
the  latter  station  at  night.  Had  this  been  noted,  it  would  further  increase  the  mean  flow  for 
this  station. 

Daily  gage  height,  in  feet,  of  Yadkin  River  at  Noncood,  North  Carolina,  for  IS90, 


Day.      Jan.     Feb. 


1  .... 

2 

3 

4 

5 

6  .... 

7 

H 

« 

H) 

u 

12  ... 

i.r.    . 

14 


Irt  .. 
17.  . 
ix  .. 
19  .. 

M.  . 
21... 


25. 
26. 
27. 
28. 
». 
80. 

ai. 


2.80 

4.30 

3.30 

2.30 

2.60 

2.40 

7.80 

9.00 

7.00 

3.80 

3.10 

3.00 

2.90 

4.20 

4.50 

3.90 

3.80 

3.30 

3.10 

2.80 

2.60  ! 

2.60 

2.40 

2.:)0 

2.60 

2.40! 

2.40 

2..'» 

2.:« 

2.20 
2.70 


8.00 
2.90 
2.60 
2.70 
8.00 
10.60 
10.20 
9.60 
7.40 
4.00 
3.20 
3.10 
3.00 
2.40 
2.30 
5.60 
.5.80 
6.90 
5.60 
5.00 
4.20 
3.60 
3.60 
3.40 
2.90 
3.8U 
5.911 
7.W 


Mar.    Apr.    May. 


4.60 
aTO 
4.30 
6.70 
7.50 
6.10 
4.10 
4.(M) 
3.80 
3.40 
2.00 
2.10 
2.40 
3.10 
8.10 
10.40 
10.30 
8.80 
(a) 


3.40 

3.00 

2.90 

2.80 

2.80 

2.70 

2.70 

3.40 

3.00 

2.80 

2.80 

2.70 

2.70 

2.50 

2.50 

2.40 

2.30 

2.80 

3..')0 

3.10  I 

2.80  I 

2.70! 


2.60 
2.60 
2.70 
2.60 
2.60 
2.40 
'2.60 
3.20 
3.60 

3.  (JO 
8.00 
2.80 
4.50 

4.  or) 
3.60 
2.80 
2.60 
2.40 
2.20 
2.60 
2.30 
2.20 
2.40 
2.60 
2.60 
2.30 
2.30 
2.10 
2.10 
2.20 
2.20 


June.    July.    Aug.  ,  Sept.     Oct. 


2.10 

2.20 

2.  .50 

2.10 

2.10 

2.00 

2.00  : 

l.OO  i 

2.00  ! 

2.10 

3.40 

3.50 

3.40 

3.80 

3.00 

2.60 

2.20 

2.10 

2.00 

2.00 

1.90 

1.90 

1.90 

1.80 

1.70 

1.70 

2.40 

2.30 

2.10 

2.00 


1.90 
1.80 
1.7l» 
1.70 
3.00 
3.U) 
2.20 
2.00 
2.U) 
1.90 
1.90 
1.60 
1.60 
1.60 
1.50 
1.60 
1.60 
l.«0 
1.80 
1.60 
1.60 
1.40 
1.40 
1.50 
1.70 
1.60 
4.  (Ml 
2.00 
2.50 

2.:«) 

2.10 


2.70 

2.20  i 

2.70 

1.70 

1.20 

l.rtO 

1.50 

l.ST) 

1.80 

1.70 

1.60 

1.50 

1.80 

1.70 

1.60 

1.50 

1.50 

1.40 

1.40 

1.30 

1.30 

1.40 

1.30 

1.20 

1.20 

1.20 

1.20 

1.20 

l.U) 

1.80 

2.00 


1.60 
1.70 
1.20 
1.80 
l.W 
1.70 
1.50 
1.40 
1.80 
1.70 
1.911 
1.70 
1.50 
1.60 
1.50 
1.40 
1.20 
1.60 
1.30 
1.20 
3.00 
2.80 
1.70 
1.70 
1.40 
1.10 

l.:io 

1.40 
1.*) 
1  20 


1.30 
1.20 
1.20 
1.21) 
1.10 
1.30 
1.40 
3.00 
2.30 
3.40 
3.10 
1.70 
1.40 
1.31) 
1.60 
1.50 
1.50 
1.40 
1.40 
1.40 
1.40 

l.:io 

1.30 
1.30 

l.:}o 

1.30 
1.30 
1.30 
1.30 
1.20 
1.70 


Nov. 


1.70 
1.90 
1.80 
1.71) 
1.90 
1.80 
1.70 
1.70 
1.80 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.30 
1.30 
1.30 
1.30 
1.40 
1.30 
1.40 
1.40 
1.30 
\.:V) 
1.30 
1.50 
1.70 
1.70 


Dec. 


1.30 
1.20 
1.60 
1.50 
1.50 
1.40 
1.40 
1.30 
1.30 
1.40 
1.40 
2.40 
3.10 
3.10 
2.40 
2.10 
1.80 
1.30 
1.20 
1.30 
1.50 
1.60 
1.50 
1.80 
3.10 
3.10 
1.70 
1.80 
1.20 
1.20 


a  No  readings  March  19  to  April  8;  gage  washed  oat  by  flood. 
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K  CATAWBA    RIVER   AT    CATAWBA,    NORTH  CAECJUNA. 

Thi8  river  riscst  in  the  west-eentml  part  of  North  Carolina  and  flows 
in  a  genc^ral  suutherly  direction  into  South  CaroUtia,  whem  It  empties 
into  Saiitee  River.  At  a  number  of  points  along  thi^  river  there 
are  wat^r  ] towers  Mhich  may  be  developed.  Near  it8  source  Catawba 
River  flows  through  a  mountainous  country^  which  l^ecome^  flatter  aa 
the  South  CaroLlna  line  is  approached.  The  greater  imrt  of  its  water- 
shed is  covered  with  woodland  or  forest,  The  drainage  area  HlK)\e 
Catawba  m  entirely  mapped  on  the  Hickory,  Morganton,  Wilkes boro» 
Mount  Mitchell,  and  Cranberry  atlas  sheets.  Syst-ematic  measure- 
ments have  been  made  on  the  Catawba  at  Catawba,  North  Carolina, 
and  near  Rockhill,  Sooth  Carol iiia«  The  station  at  Catawba,  as 
described  in  the  Eighteenth  Annual  Report,  Part  TY,  page  C4,  was 
established  by  K  W.  Myers,  July  4^  1806,  at  the  Southern  Railway 
bridge,  about  one- half  mile  from  Catawba,  North  Carolina.  The 
river  is  straight  for  several  miles  above  and  below  the  bridge;  the 
eurrent  is  swift  and  evenly  distributed  acroiss  the  atream.  The  ehan* 
nel  is  obstructed  by  three  piers,  riprap,  and  two  trestles  of  false 
work.  At  time  of  highest  water  the  west  bank  overflows  slightly  and 
the  sandy  bed  cuts  out  in  places.  The  observer  is  C.  A.  Reed,  jn,  a 
clerk  in  the  post-office  at  Catawba,  North  Carolina.  Discharge  meas- 
ijrements  are  made  from  the  plank  walk  underneath  the  bridge.  The 
railway  bridge  here  is  a  deck  bridge,  and  the  gage  was  ioeat^xl  on  a 
footway  wiiich  was  laid  along  the  lower  system  of  bracking.  When 
the  station  was  visited,  in  October,  1899,  it  was  discovered  that  the 
span  on  which  the  gage  was  located  was  to  be  removed,  so  it  iM^caine 
necessary  to  move  the  gage  rod,  which  was  done  as  follows: 

A  small  temporary  gage  was  installed  to  discover  any  change  in  the 
stage  of  the  river  while  the  gage  was  being  removed.  Tlie  distance 
from  the  weight  to  the  pointer  on  the  wire  was  measured  and  found 
to  be  correct  when  the  gage-reading  was  taken  and  recorded,  as  was 
also  the  reading  of  the  temporary  gage.  The  rod  was  then  moved  to 
the  position  which  was  chosen  for  it,  and  securely  fastened  to  tlie  guard 
rail  on  the  downstream  side  and  on  the  second  span  of  the  bridge 
from  the  west.  The  zero  of  the  rod  is  over  the  center  of  the  second 
floor  beam  from  the  west  end  of  the  second  span  from  the  w^est  end  of 
the  bridge.  From  the  zero  of  the  rod  to  the  outer  rim  of  tlie  pulley 
wheel  is  2.G  feet.  The  small  temporary  gage  was  then  read  and  it 
was  found  that  the  reading  was  unchanged,  so  the  gage  in  its  new 
position  was  given  the  same  reading  as  it  had  before.  The  length  of 
the  wire  rope  from  the  end  of  the  weight  to  the  pointer  on  the  wire 
was  then  measured  and  found  to  be  55.25  feet.  Records  may  be  foiuul 
as  follows:  189G,  Eighteenth  Annual  Report,  Part  IV,  page  <Jo;  1897 
Nineteenth   Annual  Report,   Part  IV,   page   214;    1898,    Twentieth 
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Annnal  Report,  Part  IV,  page  149.     The  following  measurements 
were  made  by  E.  W.  Myers  during  1899: 

February  34,  gage  height,  3.26  feet:  discharge,  3,506  aeoond-feet. 
February  24,  gage  height,  3.38  feet;  diflcharge,  3,690  second-feet 
June  10,  gage  height,  2.M  feet;  discharge,  3,830  second-feet 
October  9,  gage  height,  2.36  feet;  discharge,  1,716  second-feet. 
November  33.  gage  height,  3.30  feet:  discharge,  1,118  second-feet 
December  16.  gage  height,  3.66  feet:  discharge,  3,153  second-feet 

Daily  gaye  height,  in  feet,  of  Cataicba  River  at  Catatri)a,  Xorth  Carolina,  for  1S99. 


Day.      Jan.     Feb.     Mar.     Apr.     May.    June.   July.    Au«r.    Sept,     Oct.    Nov.      Dec. 


1 

2 

3 

4 

5 

6  ... 


10  ... 
11... 
l:J    . 

13  ... 

14  ... 
15.  . . 
Itt.... 
17... 
18... 
19... 
20  ... 
21... 
22-... 
«... 
24.... 
25.... 
35... 
27... 


29. 
31. 


3.50 
3.10 
3.00 
2.80 
2.«0 

5.aj 

8.«J0 

4.70 

4  40 

4JW 

3.90 

3.90 

3.H) 

3.50 

3.80 

3.01 

3.30 

3.10 

3.00 

2.90: 

2.80  1 

2.70  i 

2.70 

2.70 

3.00 

2.85  1 

2.70 

2.70  : 

2.70  ; 

2.70 

2.70 


2.7f) 
2.70 
2.80 
10.  U) 
8.00 

9.«n 

9.10 
«.50 
5.60 
4.30 
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CATAWBA  RIVER  AT  ROCKHILL,    SOUTH   CAROLINA. 

This  Station,  described  in  the  Eifirhteenth  Annual  Report,  Part  IV, 
pajre  61,  was  established  b}'  C.  C.  Babb  September  3,  1895.  It  is 
located  at  the  bridge  of  the  Southern  Railway,  3  miles  south  of  Fort 
Mill,  South  Carolina,  and  is  about  GO  miles  l)elow  the  Catawba  station. 
The  gage  is  fastened  to  the  upper  side  of  the  guard  rail,  the  2-foot 
mark  of  the  rod  being  over  the  center  of  the  second  vertical  of  the 
second  truss  from  the  south  end  of  the  bridge.  The  bench  mark  is 
described  in  Water-Supplj-  Paper  No.  15,  page  35.  The  length  of  the 
gage  was  verified  December  18,  1899,  when  it  was  found  to  have 
stretched  0.4  foot.  The  gage  heights  as  published  are  corrected  for 
this  error.  This  station  is  reached  from  Rockhill  by  private  conve}'- 
ance.  The  channel  is  straight,  current  swift,  and  flow  uninterrupted. 
The  banks  are  not  subject  to  overflow  and  all  of  the  water  is  confined 
to  one  channel.  The  bed  of  the  stream  is  solid  rock  and  ver}'^  rough. 
The  current  is  at  an  angle  with  the  bridge.    Altogether  the  section 
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poor  one.  W.  A,  Momsi,  a  fanner  at  Rockhill,  ib  the  obaerrer. 
rde  of  flow  fan  he  found  as  follows:  I8ft6,  Eighteenth  Annual 
Beport,  Part  IV^  page  03;  18117^  Ntneteeuth  Annual  Report,  Part  IV, 
page  214;  1B98,  Twentieth  Annual  Report,  Part  I Y,  page  150,  The 
following  ineasuremt^nts  were  made  by  E.  W,  Myers  during  1899; 

FebrTiBry  53»  gage  height,  8 JO  fe^t:  discharge,  S,(*S6  seeond-feet, 
June  13,  gage  heigh t^  2.45  feet:  diacfaarg^,  G,0<V5  seeond-feet 
October  3,  gage  height,  IM  feet;  discharge,  3,104  eecond-feet. 
December  18^  gage  height ^  HAiO  feet;  discharge,  d,848  seccmd-feet. 

The  table  t»elow  was  coniputed  by  E.  W,  Myers,  and  shows  the  com- 
parative mini  mum  flows  of  Catawba  River  at  Catawba  and  Rocit- 
hill  statiouM,  which  are  about  60  miles  apart.  The  drainage  area  at 
Catawba,  North  CHrolinn^  is  1,535  square  miles,  and  at  the  lowtr 
ipointf  or  Roekhill,  South  Carolina,  it  is  2,987  square  miles.  This 
tabic*  is  comparable  witli  the  one  for  Yadkin  River,  shown  on  page 
119,  ami  it  will  be  seen  that  the  ruu-ofT  per  square  mile  does  not  vary 
to  any  great^^r  extent  than  on©  would  ea:peet>.  The  Caiawba  station 
was  not  established  until  the  year  following  the  one  at  Rockhill,  so 
that  the  results  can  not  be  compared  in  the  early  part  of  the  i^econl. 
Thef^e  facts  are  brought  out  in  the  footnotes  at  the  bottom  of  tUv 
tables. 

nbl*;  nhfywing  the  romj^rative.  minimum  flows  for  Catawba  Miver^  CntaidHi 
and  Rockhili  »tationji. 
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a  Seven  days'  record. 

6  Also  in  July,  August,  and  September. 

cMiuimum  fxicurred  in  January.  September  rainimuni  was  1,7(M)  second-feet,  or  (».5<i9  secomv 
foot  ]x*r  square  mile. 

d  Minimum  in  October.  September  minimum  9<M.)  second-feet,  or  0.579  second-foot  jht  squA'"* 
mile. 
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ge  height,  in  feet,  of  Catawba  River  at  RoekhUl,  South  Carolina,  for  1899, 
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1.80 

2.00 

^-ba  River  in  South  ^Carolina  is  known  as  Wateree  River.  It 
with  Congaree  River  to  form  the  Santee.  The  United  States 
5r  Bureau  has  maintained  a  station  at  Camden,  South  Caro- 
i  Wateree  River,  43  miles  above  its  mouth.  The  gage  is  a 
nber  attached  to  the  central  granite  pier  of  the  South  Carolin% 
orgia  Extension  Railroad  bridge.  The  top  of  the  rail  on  the 
is  47.0  feet  above  zero  of  gage.  The  highest  water  recorded 
5  feet,  in  September,  1886;  the  lowest,  0.0  feet,  in  June,  1884. 
mger  line  is  at  24  feet.  The  drainage  area  at  this  point, 
ng  to  the  Weather  Bureau,  is  2,635  square  miles. 

BROAD   RIVER   AT   GAPPNEY,    SOUTH   CAROLINA. 

1  River  rises  on  the  eastern  slope  of  the  Blue  Ridge  Mountains, 
ickorynut  (iap,  in  the  west-central  part  of  North  Carolina,  and 
in  a  general  southeasterly  direction  unites  with  Saluda  River 
;:Jolumbia,  South  Carolina,  to  form  the  Congaree.  The  drainage 
mprises  about  4,950  square  miles,  of  which  3,550  are  in  South 
a  and  1,400  in  North  Carolina,  and  is  partly  mapped  on  the 
iton.  Mount  Mitchell,  and  Saluda  atlas  sheets.  The  upper  part 
jasin  is  rough,  broken  country  largely  covered  with  forests. 
h  Carolina  the  topography  is  flatter  and  for  the  greater  part 
id  is  under  cultivation.  Broad  River  receives  a  number  of 
int  tributaries,  but  there  are  no  towns  of  importance  along  it. 
are  a  number  of  sites  for  the  possible  development  of  water 
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power  Along  its  eourm^j  the  most  imiwrtaiit  of  which  are  described  in 
the  Nineteenth  Annual  Reptirt,  Part  l\\  page  215,     Systematic  meafi- 
iireinents  of  the  flow  have*  be€n  made  at  Gaffney,  South  Carolina,  15 
miles  Iwlow  the  North  Carolina  line,  and  at  Alsfcon,  20  miles  above 
Columbia,  South  Carolina.     The  station  at  Gaffney*  described  in  the 
Eighteenth  Annual  Report,  Part  lY,  page  05,  was  established  by  E,  W. 
Myers  Jnly  1,  1890,  and  was  located  at  the  Bonthem  Railway  bridge, 
about  3  miles  from  Gaffney,  South  Carolina,     This  station  wjis  luaiji- 
tained  until  October  25,  1S98,  when  the  gage  rod  was  moved  to  Gaff- 
neys  Ferry,  200  yardst  above  the  bridge,  as  described  in  ^yat^r-8uppif 
Paper  No.  27,  page  27,     The  bench  m^k  Is  described  in  the  same 
paper.     The  velocity  is  quite  rapid,  w^ell  distributed  all  the  way  across, 
and  the  channel  is  straight  for  some  distance  al>ovc  and  below  th* 
station,     Tlie  ferryman,  Johu  W,  Gaffuey,  Gaffney j  Soutli  Carolina, 
was  employed  to  take  charge  of  the  gai^e.     The  results  of  dischaip 
measurements  are  found  as  follows:  IS^tfi,  Eighteenth  Annual  Re[K)rt, 
Part  IV,  page  G6;  1807,  Nineteeth  Annual  Report,  Part  rV,pageSiO, 
Tht5  following  measurements  were  made  by  E.  W.  Myers  during  l&^' 

February  10.  g^ge  height,  3.70  feet;  discharge,  4,702  aecoud-feet.  , 

Febrtiary  33,  gage  height,  2,25  feet;  discharge^  4,497  second- feet. 

April  15,  gttge  height,  3,30  feet;  discharge,  3,510  second-ft^t. 

June  12,  gage  height,  2.40  fdet{  discharge^  2,41M  eecond-fet^t. 

October  4,  gage  height,  1,70  feet;  di&charge,  692  second- feet, 

OrtobtT  4,  gage  height,  IjTO  feet;  diacharge,  663  aecond*f^t, 

December  17,  gage  height,  1.65  feet;  discbarge,  1,485  second^feet. 

Daily  yayt'  height^  in  feet ^  of  Broad  JJtwr  at  Gaffneifj  South  Carolina^  for  l^^' 
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a.ao 

3.11* 

0  at) 

3-3EJ 

3  tlO 

2  30 

I.m 

1,90 

1.30 

J  4<l 

1  tiil 

\M 

18 

3.1(J 

n.m 

10.  w 

a.  30 

S.TO 

^.10 

L60 

1.70 

1.30 

I.M 

1.40 

im 

17 

a.w 

w.m 

»/M 

3.m 

3J.40 

2.00 

i.,'iO 

l.flO 

1.3fJ 

l..^i 

l.fiO 

L7U 

lB--„- 

z^m 

4  :io 

s.eo 

a.  10 

^.40 

3.30 

l.flO 

1.60 

1.30 

1.  UO 

1.40 

1.1* 

li..-.. 

2  m 

3.70 

IS.  30 

3.00 

3.40 

1.S0 

hm 

1.40 

1  30 

1.6(t 

1.311 

I-IU 

30-.-- 

2.m 

■s.iu 

il.60 

3.00 

2.3fi> 

liMl 

l.tw 

1.40 

1.40 

1.41* 

1.30 

L^S 

m  .... 

2  mi 

3,1» 

6,00 

3.  DO 

3.60 

i.m 

l.HO 

i.:« 

I  70 

1.40 

1.30 

1  ai 

28-— 

a.ao 

a,  10 

S.QO 

2.90 

3,ao 

1.70 

1,70 

i.m 

l,Oli 

1,31} 

1.40 

1  r^J 

S3.„., 

&;i* 

aui 

i.m 

g.BO 

a.ao 

1.70 

l.To 

1.40 

1.40 

L.30 

IMt 

Kill 

M..:.. 

2-M 

zm 

4.&0 

3,60 

3,  TO 

i,or> 

1,00 

Lm 

1,30 

1.40 

1  3U 

:i  ><( 

K....- 

zm 

s.m 

4.S!n 

3.ao 

2.  go 

3.tW 

l.fiO 

1.60 

1.40 

1  30 

l.fiff 

3.4^1 

».„.. 

MSiO 

2.60 

4,00 

4,10 

S.10 

1.7X> 

l.OO 

L60 

1.60 

1,30 

1  60 

3:i' 

87--.  - 

s;^} 

ft.  so 

4.50 

3.20 

£.10 

£.30 

S.fiO 

£.00 

1.60 

1  iai 

1  eo 

tm 

;  S8.  — 

2.10 

7.00 

4.00 

a.  ID 

I.WI 

3.  JO 

1  on 

1.90 

130 

1.30 

i.eo 

i:i> 

an.-- 

zm 

5  60 

2.  BO 

JS.00 

3.00 

1.^ 

2.00 

1.40 

1.30 

1. 60 

1.(10 

au -.., 

£.S0 

4.00 

3.ao 

130 

1.80 

l.«o 

l.OO 

1.70 

L-W 

LAO 

l.lfi 

Bi  .— 

*£.m 

4.G0 

3,10 

l.flO 

3  30 

1.60 

L» 
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BROAD  RIVER  AT  ALSTON,   SOUTH  CAROLINA. 

.  Station,  described  in  the  Eighteenth  Annual  Report,  Part  lY, 
7,  was  established  by  E.  W.  Myers,  July  3,  1806,  and  is  located 
Sonthem  Railway  bridge  near  Alston,  South  Carolina,  and  GO 
3elow  the  Gaffney  station.  The  length  of  the  wire  gage  is  42.65 
The  gage  was  verified  December  19,  1899.  The  section  here 
a  good  one,  being  broken  by  the  foundations  of  an  old  bridge 
ig  at  the  same  place  as  the  present  one.  The  bed  is  flat,  muddy, 
>mewhat  shifting.  The  river  is  straight  for  a  long  distance 
and  below  the  station.  The  current  is  swift  and  the  velocity 
uniform  across  the  section.  The  observer  is  D.  R.  Elkin,  a 
r  of  Alston,  South  Carolina.  Records  of  discharge  may  be 
as  follows:  1896,  Eighteenth  Annual  Report,  Part  IV,  page  68; 
knd  1898,  Twentieth  Annual  Report,  Part  IV,  page  151.  The 
ing  measurements  were  made  by  E.  \V,  Myers  in  1899: 

aary  19,  gage  height,  10.15  feet;  discharge,  28,930  second-feet. 
14.  gage  height,  4.33  feet;  discharge,  6,289  second-feet. 
)er  2,  gage  height,  2.14  feet;  discharge.  1,645  second- feet 
nber  19,  gage  height,  2.91  feet;  discharge,  3,319  second-feet. 

f  gage  Jieight,  in  feet,  of  Broad  River  at  Alston,  South  Carolina,  for  1899,  - 


Jaji.  j  Febi 

Mmt. 

Apr. 

Umr. 

Jdoa. 

Jolr^ 

Auff, 

Sept 

Oct 

Not. 

Deir. 

aiS      4.7a 

U.fiO 

8.tJ3 

4,30 

3.3S 

£,77 

3,10 

4.60 

£.30 

4.47 

£.90 

S.S» 

4.00 

&0O 

e.74 

4.10 

aao 

£74 

3UI 

4.45 

112 

3-10 

3.1* 

3,90 

4.30 

«54 

&.61 

4,00 

3.S0 

8,50 

£,55 

3.55 

1.8T 

£.87 

3.14 

^.4.7 

4.30 

7.4S 

£.90 

4.00 

a  10 

£.76 

3.08 

3.65 

2.20 

S.Bi 

2,80 

3.36 

flm 

7.4S 

a.iu 

aw 

3,10 

£,53 

£,50 

3,4JO 

2.34 

2,74 

2.0tl 

3.47 

13.00 

10.  SI 

».io 

3.W 

£.90 

£.03 

3.00 

£.00 

ft.  28 

2.iS3 

g.K£ 

ft.AO   ]s.aj 

0.30 

&.ai 

4.11 

?.9(» 

£,ao 

a.eo , 

£,78 

3,52 

2,37 

2.7l> 

u.m   la. 50 

5.53 

£.33 

4.  so 

£.80 

£.fi£ 

£,10; 

3.4.5 

4.1s 

2.04 

£.tirj 

».«i 

1:S.«U 

5.11 

«.(X) 

3.99 

3.8r) 

£.73 

£.80 

3  43 

3.22 

2,58 

2,71 

7.10 

a.  50 

4.90 

7.14 

3.83 

£.88 

£.go 

£.65 

3.5£ 

£,90 

£.51 

£.66 

S.7» 

6.7B 

4.79 

«.13 

3.63 

tao 

£.00 

£.7& 

fl.30 

2.86 

2  50 

2,63 

rao     5.W 

i.71 

5.^ 

3.tt 

3.40 

£.48 

4.50 

4.40 

2,98 

2.56 

«.4rt 

7.35      5.10 

4.4* 

5.40 

3.70 

3.10 

£.43 

a34 

aoo 

£.iW 

2.78 

8.13 

fl.TJ       4.86 

4.50 

«.:bo 

3.8» 

4.^ 

2.30 

i.m 

£,81 

2,00 

2,23 

5.13 

7,51      4.54 

ti.m 

5.  OS 

4.6H 

S.jtJ 

£.34 

£.55 

l!.f& 

£.&« 

£.50 

4.42 

tAii      £.33 

14  44J 

4.00 

3.»^ 

a35 

£.33 

£.05 

2,60 

2.43 

2.60 

3.70 

tt,9^     J5  30 

I^^ 

4.87 

s.m 

auo 

£.£4 

£.5.'^ 

£.40 

£.21 

2.57 

3.34 

5s  3S    i2.m 

ia5(i 

4.05 

3.53 

a  40 

£.Ge 

£,33 

£,ao 

2.52 

2.5H 

S.C7 

4.7U!  10,10 

».(» 

4.60 

3.40 

8.10 

£,28 

£.90 

£.3S 

2.54 

2.51 

£.91 

4,33 

&.M 

15.  ai 

4.e§ 

3.46 

£.» 

£.10 

£.00 

£.60 

2.4fl 

2.43 

3,3f 

4^1 

e.s» 

J3.W 

4.M 

3.30 

^.84 

£.83 

£.15 

£.ti3 

2.57 

2.29 

3.G8 

4.00 

e.5£ 

9.U 

4.41 

a40 

a.tfij 

£.5£ 

£.U 

2.6rJ 

2.42 

2.52 

2  90 

3.82 

&M 

7.9) 

4.3(> 

3.49 

S.7B 

£,30 

£.«) 

2,50 

2.20 

4.71 

aeo 

4,10 

5.n 

7.  IS 

4.40 

3.88 

£.7:i 

£.17 

£.311 

E.3» 

£.15 

3.61 

7.as 

4.2U 

4.ttl 

e.4o 

4. 13 

A.  73 

£.51 

£,40 

3,40 

2.30 

2.45 

3.10 

H.ai 

4.55 

4.a? 

5.90 

e.ai 

3.33 

3.A0 

£,95 

£.35 

3.€H 

2.40 

6.51 

4.44 

4.0D 

13.  T» 

5.80 

0.64 

3.3l» 

£.70 

^.35 

3,5i'i 

2.fl0 

2.39 

4.3ft 

aoo 

^.m 

17.9^ 

LHO 

I1.BO 

3.30 

3,78 

4.72 

5.55 

2,35 

2.41 

3.50 

3.76 

'd.W 

7.72 

4.70 

a.£3J 

3.30 

a.HJ 

4.70 

£.£B 

£.40 

a  30 

a  75 

4.  to 

r43 

4.40 

8J1 

£,«9 

2,€0 

A.m 

2.47 

2,30 

3.04 

4  50 

6  04 

3,11 

3.15 

4.60 

4,57 

k1  River  joins  Saluda  River  at  Columbia,  South  Carolina,  to 
Congaree  River.  The  United  States  Weather  Bui*eau  has 
lined  river-height  observations  at  Columbia,  South  Carolina, 
ige  rod  is  painted  on  the  first  stone  pier  from  the  eastern  shore 


r 


1S€        orKKATtosm  at  ehtek  STAxnflPBa— past  ii. 

of  the  GerT»t»  Mra^  totl  brid^,  Tlw  hendi  mark  m  the  track  of  tbe 
Soath  CaroUii»aJid  G€or^a  Extetistoa  Railroad  at  tbe  l*fiioa  Statiott, 
uhI  U  at  an  eleratitm  of  l<>f  55  feet  above  ibe  lerci  of  tha  ^gti,  Tfee 
liigli-wat^  iwark  b  34,4  f^eel,  at»d  was  reached  in  September,  1852:  ihe 
biwwi,  ^«X4  toQUr  ^^  Jaouaf^r  ^,  189$.  The  danger  line  k  15  feet 
The  liramag*  ana  abore  the  station,  aeeorditt^  to  tbe  Unit^  SttiE^ 
Wmih^  Bwwo,  ia  7,900  flqnare  milei. 

Santieie  Rivwf  ia  formed  bj  tke  jonettoti  of  Waceree  and  Confraf^ 
rivetm.  Tbe  I7tiit**d  States  W^tb<?r  Biir(?mii  h^s  mamtaint?d  a  gigt 
on  Ixiwer  Sanlei*  Rtver  at  St.  Stephen,  Sontb  CarvlinA,  5«J  miteii  abofVtj 
tta  month.  Thi"  gagt>  rod  Is  attacbed  to  the  downstream  nidv'  of 
central  granite  in*^r  of  the  railroad  bridge.  The  top  of  th<*  rail 
ihb  bridge  b  31  fe^l  above  aero  of  gag^*  The  high- water  mark 
20.2  feet,  and  was  reached  on  September  18, 1888;  the  lowest,  hZ  fef^ 
oo  Oelober  ik  l^o.  The  danger  line  is  at  12  feet.  The  art**  drained 
$0.  this  point,  according  to  the  United  States  Weather  Bureau,  l&  13,600 
square  milea. 

SALUDA  mvmn  at  Waterloo,  tsoFiM  cabouka. 

BnluclH  Hiver  ns/m  it)  the  moantaius  between  North  aad  South  Cafo- 
Irna,  flow^  in  a  southeaateFly  direction,  and  nnites,  near  ColtiinUlai 
South  CaraUim,  with  the^Brood^  to  form  the  Congaree.     The  draitiM^ 
ares  t»  partly  mapped  on  th^  Soloda,  Piekens^  Piag^h,  a  ad  Abbevilk 
atlas  sheetfi.     Measorementa  have  been  made  on  the  Saluda  to  detw* 
III  t  lie  t he  a va i la  1  >!*?  wa t e r  power.     The  station  w as  e^tabl ished  by  E .  W. 
Myc^rs,  AagUJit  :Mk  180*>,  and  is  dest*ril>ed  in  the  Eighteenth  Anim^  I 
Ii**j>cjrt,  Part  IV,  page  68.     It  m  1   mile  below  the  mouth  of  Retniy 
Rivc^r,  at  the  Charleston  and  Wester rij  Carolina  Railway  ]iridge»  about 
r)  inilps  from  Con»naea  Station,  South  Carolina.     The  length  of  the 
ga*?*.^  wire  is  47 jk)  feet,     Tiie  length  of  the  gage  was  verififti  ])ect»Di< 
Imt  10,  181*9.     The  river  here  is  straight  for  several  hu mired  yanis 
hIk*vo  and  Ix^low  the  l» ridge.     The  flow  is  probably  inflm.''nfvd  hv  dams 
some  miles  above.     The  lje<l  of  the  stream  is  of  sand  an<l  mud  Btid 
liable  to  change  during  higli  water.     The  banks  are  low,  the  riplit 
lutnk  l»eing  subject  tu  overflow.     Tlie  observer  is  R.  X.  Cunniugliain, 
storekeefier  and  farmer  at  Waterloo,  Sonth  Carolina.     Th<*  locality 
is  reached  by  private  conveyance  from  Gn.H.^nwood,  Sonth  Carolina*  ' 
The  disc?harge  meiisurements   are  made   from  the   railroad    bridge. 
Records  of  results  may  l>e  found  as  follows:  IH9*],  Eighteenth  Annual  i 
Report,  Part  TV",  page  *j8;  181*7,  Nineteenth  Annual  RepMjrt,  Part  IV, 
page  221;  1898,  Twentieth  Annual  Report,  Part  IV,  page  153,     The 
following  measurements  were  made  by  K,  W.  Myers  during  1S99: 

February  20,  gag©  height,  7*60  feet;  discharge,  3^350  eecond-feet. 
Jnn«  14,  gag»  height.  ^^.'M  feet;  dis<?harge,  1,740  aecond-fepL 
October  1,  gage  height,  3.65  feet;  discharge,  604  second- feet. 
December  19,  gage  height,  4.00  feet;  discharge,  995  second-feet. 
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^ygoge  height,infeet,  of  Saluda  River  at  Waterloo^  South  Carolina,for  1899. 


Day.       Jan.     Ftob. 


1 

S 

3 

4 

5 

6 

7 

8 

9 

10 

11 

If 

18 

14 

15 

1« 

17 

18 

1» 

» 

a 


a.. 
».. 
».. 
«.. 

27.- 
» 

» I 

an ' 

a I 


e.oo 

4.(16  I 
5.  (16 
4.90 

4.80 
5.00 
14.00 

14.  ao 

6.05 
7.06 
6.5r» 
6.90 
7.50 
7.80 
7.45 
6.95 

a.m 

6.25 
6.30 
5.90 
5.40 
5.85 
5.7tJ 
5.45 
5.  .50 
5.30 
5.(K) 
6.75 
6.55 
4.10 
5.9) 


Mar. 


Apr. 


May. 


6.75 
6.40 
6.60 
6.2r» 
6.85 
10.  eu 
18.51) 

17. :» 

12.70 
8.00 
7.60 
7.10 
7.00 
5.60 
6.5r) 
12.55 
15.20 
13. 10  I 
8.60 
7.40  I 
7.60  1 
7.45 
9.85  I 
6.55  I 
6.35 
6.70 
17.65 
15.60 


12.80 
8.90 
7.65 
7.60 
8.00 
8.10 
7.25 
6.70 
6.50 
6.70 
6.30 
6.45 
6.45 
6.26 
10.30 
15.35 
13.85 
10.30 
9.75 
11.98 
13.18 
8.75 
8.65 
8.90 
7.80 
7.55 
7.06 
7.35 
7.96 
7.25 
9.85 


8.75 
7.66 
7.06 
7.15 
7.30 
7.60 
7.20 
7.95 
8..)5 
7.40 
6.90 
6.96 
6.76 
6.66 
6.30 
6.56 
6.36 
6.25 
6.45 
6.30 
6.20 
6.56 
5.90 
6.15 
7.90 
8.10 
7.15 
6.55 
6.00 
6.10 


6.00 
6.90 
6.80 
6.60 
6.00 
5.96 
6.15 
5.80 
5.85 
6.65 
5.  SO 
5.30 
5.20 
4.95 
4.80 
4.60 
4.70 
4.55 
4.50 
5.15 
4.60 
5.06 
4.60 
4.40 
4.85 
4.30 
6.15 
5.10 
3.75 
4.15 
4.15 


Jane.  July.    Aug.  '  Sept. 


4.75 
4.40 
5.15 
4.35 
4. 15 
5.05 
4.10 
4.  or) 
8.80 
3.70 
3.75 
6.85 
5.50 
5.55 
4.45 
4.35 
4.90 
4.60 
4.65 
4.05 
4.10 
3.75 
3.65 
4.90 
4.10 
3.60 
4.15 
4.05 
4.20 
3.80 


4.96 
8.96 
8.86 
4.20 
3.20 
3.75 
3.80 
4.85 
4.65 
8.45 
3.70 
3.70 
3.60 
3.60 
4.75 
4.50 
8.6i) 
3.50 
3.60 
3.55 
4.45 
4.50 
3.60 
2.90 
4.75 
5.10 
5.40 
5.00 
5.45 
5.40 
3.80 


8.80 
3.70 
3.65 
3.70 
4.75 
4.00 
3.30 
3.90 
4.60 
4.00 
5.50 
4.90 
4.50 
8.20 
3.65 
3.65 
3.55 
4.55 
4.15 
3.45 
2.70 
4.20 
3.70 
3.75 
3.70 
4.35 
5.00 
4.75 
4.a5 
4.80 
4.40 


3.90 
5.20 
5.25 
3.25 
3.96 
3.86 
8.70 
4.10 
4.85 
3.85 
6.60 
5.60 
3.95 
3.80 
4.60 
4.10 
3.50 
2.85 
3.95 
3.90 
3.90 
3.90 
4.80 
3.60 
2.90 
3.90 
4.36 
4.45 
3.80 
4.00 


OtJt.  I  Nov. 

I 


3.65 
2.85 
3.60 
4.86 
4.20 
5.50 
4.50 
5.65 
4.00 
4.00 
4.10 
4.00 
4.00 
4.65 
4.10 
3.00 
4.20 
4.00 
4.75 
4.70 
5.45 
3.30 
3.00 
4.15 
4.35 
4.55 
4.55 
4.30 
3.83 
2.95 
4.40 


4.76 
4.60 
4.66 
4.40 
3.80 
2.90 
4.35 
4.30 
4.35 
4.a'> 
4.15 
3.70 
2.90 
4.00 
4.45 
4.35 
4.05 
4.25 
3.70 
2.95 
3.95 
4.05 
6.45 
4.40 
4.85 
5.25 
4.15 
5.06 
5.00 
4.15 


Deo. 


4.60 
4.45 
8.80 

ao6 

3.90 
4.26 
3.80 
3.86 
4.26 
3.45 
3.00 
5.90 
7.10 
6.85 
5.00 
4.85 
4.45 
4.10 
4.75 
3.90 
4.50 
4.56 
4.30 
7.15 
5.15 
4.75 
4.95 
4.56 
4.15 
4.75 
4.40 


TUGALOO  RIVER  AT  MADISON,   SOUTH  CAROLINA. 

This  river  is  formed  by  the  junction  of  the  Tallulah  and  Chattooga 
vers,  which  have  their  sources  in  the  Blue  Ridge  Mountains.  The 
mn  is  largely  covered  with  an  original  growth  of  oak,  and  is 
rtremely  wild  and  picturesque.  The  drainage  area  is  mapped  on 
le  following  atlas  sheets:  Nantahala,  Dahlonega,  Walhalla,  and 
)wee.  There  are  many  beautiful  falls  in  this  watershed,  the  most 
►ted  of  which  are  Tallulah  Falls,  with  a  drop  of  335  feet  in  four 
ccessive  leaps,  the  total  fall  in  2|  miles  being  525  feet;  and  Toccoa 
ills,  on  Toccoa  Creek,  with  a  vertical  drop  of  about  100  feet.  This 
tter  stream  should  not  be  confused  with  Toccoa  River,  a  tributary  of 
Iwassee  River,  and  on  which  a  gaging  station  is  maintained  at  Jilue 
idge,  Georgia.  The  gaging  station  on  Tugaloo  River  was  established 
ily  10,  1898,  at  Cooks  Ferry,  about  one-half  a  mile  from  Madison, 
'ilth  Carolina,  one  mile  below  the  Southern  Railway  bridge  over 
igaloo  River  and  2  miles  above  the  mouth  of  Chauga  Creek.  The 
ge  is  a  2  by  4  inch  scantling  10  feet  long,  nailed  to  a  sycamore  tree 
the  right  bank  at  the  ferry  landing.  The  bench  marks  are  on  the 
^t  bank  of  the  river,  the  first  being  on  a  willow  tree  at  the  ferry 
iding,  and  consisting  of  three  large  nails  3.00  feet  above  zero  of  gage; 
B  second  is  on  the  same  tree,  being  one  nail  6.00  feet  above  zero  of 
ge;  the  third  is  a  large  nail  in  a  sycamore  tree  at  the  ferry  landing 
00  feet  above  the  zero  of  the  gage.  Discharge  measurements  are 
hde  from  a  boat  held  in  place  by  the  ferry  rope  stretched  across  the 
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river.  Th^  n-snllw  of  the  measot^meiita  are  given  in  the  Twei 
Annual  Report,  Part  IV,  psigfi  162<  The  fotlowtng  me^is^urej 
were  mude  hi'  Mjix  Hull  and  others  in  1S^9: 

April  f  U  ^ge  hoA^U  4.51)  feet;  dischv9^  %9H  aGeona-feet 
Maf  ^2,  gAgA height.  3.20  feet;  di^^hafK^  1,687  i«con'l-feet. 
June  20,  ^pftt height,  2 JO  f^t;  dbch&rg^,  l.:m  veoo&d  feeL 
September  f S,  gi^  lielght,  t*00  foot:  dUchATge.  7^  second- feet. 
October  4,  gBge  height,  0,70  foot;  illsehorge;,  H2  second -feet. 

A  number  uf  di^ebargt^  me^i^ureuieEitfi  were  made  on  %  a 
tarieH  of  Tngaloo  River  during  the  fall  of  1S99.  A  measui-emt 
Tatlnlah  River  above  the  falls  at  the  wagon  bridge  at  TaI 
Falhs,  Georgia,  was  made  October  3,  when  the  tiiseharge  was  t 
to  be  153  »6cond*ft?et;  a  seeond  measurement  was  made  Nc 
Ijer  25j  giving  a  cliRcharge  of  188  second-feet.  Two  discharge  i 
urement^  were  made  on  Toeeoa  Creek,  above  the  falls^  ^  miles 
Toeeoa,  Georgia,  on  Oel<iber  4;  they  were  made  at  different  mi 
on  the  river,  and  gave  5.7  and  5.9  seeond-feet,  respectively.  Cfc 
Creek  enters  the  Tngaloo  about  2  mile^  below  the  gaging  gtatioi 
meiisiurement  was  made  on  this  stream  at  the  wagon  bridge  im 
month  at  Maili&on,  South  C'arolina,  on  Ot^tober  4,  whan  the  di*i*] 
was  found  to  be  99^seeond-feet. 

Ikiiljf  gage  height t  in  fecit  of  T^tgaloo  Bvimr  at  Madimn^  Souih  CaroHna^ffK 
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SAVANNAH  RIVER  AT  CALHOUN  FALLS,  SOUTH  CAROLINA. 

Savannah  River  is  formed  by  the  junction  of  Seneca  and  Tngaloo 
rivers  about  100  miles  above  Augusta,  Georgia.  The  headwater  tribu- 
taries have  their  sources  in  the  Blue  Ridge  Mountains  in  North  and 
South  Carolina  and  Georgia,  where  more  than  one-fifth  of  the  terri- 
tory is  in  original  oak  forest.  The  drainage  area  is  partly  mapi)ed 
on  the  following  atlas  sheets;  Pisgah,  Co  wee,  Dahlonega,  Walhalla, 
Pickens,  Abbeville,  Elberton,  Nantahala,  and  Carnesville.  A  large 
number  of  fine  water  powers  occur  on  the  tributaries  and  along  the 
main  river,  the  most  noted  being  at  Tallulah  Falls  on  Tallulah  River, 
B35  feet  in  height,  there  being  a  total  fall  of  525  feet  in  a  distance  of 
2}  miles.  In  order  to  determine  the  value  of  these  waterpowers,  sys- 
fciematic  measurements  were  begun  at  Calhoun  Falls,  South  Carolina, 
on  August  4,  1896.  This  station,  described  in  the  Eighteenth  Annual 
Keport,  Part  IV,  page  73,  is  at  the  Seaboard  Air  Line  bridge,  across 
Bavannah  River,  above  the  mouth  of  Beavei*dam  Creek  and  below 
Socky  River,  and  about  3  miles  west  of  the  town  of  Calhoun  Falls, 
South  Carolina.  The  river  here  is  divided  into  two  channels  by  a  large 
island  containing  several  hundred  acres.  The  east  channel  is  a  good 
section  at  ordinary  stages,  but  at  lowest  water  the  current  is  very 
^taggish.  The  west  channel,  which  is  the  main  river,  is  obstructed 
Isj  some  very  small  islands  and  old  cofferdams  about  the  two  piers, 
otherwise  the  section  is  a  good  one.  The  bed  is  rocky  and  constant. 
The  wire  gage  is  on  the  west  channel,  center  span ;  its  length  is  65.40 
feet  One  bench  mark  on  the  top  of  the  iron  stringer  under  the 
^5ro68-ties  near  the  gage  is  54.00  feet  above  the  datum  of  the  gage; 
Ue  other  is  on  the  top  of  the  first  pier  on  east  side  of  west  channel, 
^nd  is  30.85  feet  above  zero  of  gage.  Zero  of  gage  is  354.5  above  sea 
l«vel.  The  gage  was  verified  on  March  4,  1899.  The  observer  is  Peter 
J.  Pfeiffer,  a  farmer  at  Calhoun  Falls,  South  Carolina.  Records  of 
sneasureraents  may  be  found  as  follows:  1896,  Eighteenth  Annual 
Seport,  Part.  IV,  page  75;  1897,  Nineteenth  Annual  Report,  Part  IV, 
lwiKe224;  1898,  Twentieth  Annual  Report,  l»art  IV,  page  164.  The 
Allowing  measurements  were  made  by  B.  M.  Ilall  and  Max  Hall 
during  1899: 

March  4,  gage  height,  4.77  feet:  discharge,  12,076  second-feet. 
May  16,  gage  height,  3.45  feet;  discharge,  5,258  second-feet. 
September  28,  gage  height,  2.30  feet;  discharge,  2,057  second-feet. 
November  10,  gage  height,  2.25  feet;  discharge,  2,039  seoond-feet. 
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SAVANNAH  ETeSB  AT  AUGUSTA,  GEORGIA. 


Obftervations  of  river  height  have  been  maintainefl  ftince  1875 
th**  city  of  August B,  at  the  city  highway  bridge.  Tlie  result^  hsi 
been  printed  in  a  vohime  entitled  **  Stages  of  wafer  at  river  sratioiis,*] 
prepared  by  the  I'^niled  States  Weather  Burt^inu  Tlios*^  for  1^75  to 
1H81>  am  piven  in  Part  JIT,  those  for  1S90  to  lSli2  in  Part  }\\  and  f-r 
1893  to  189-5  in  Part  V  of  llie  abo%e-inentioned  publicatinn,  Tht^gag? 
consists  of  a  vertical  timber  fastened  to  the  pier  and  ^n^adnated  ni  fef't 
and  inches.  Readiiijrs  are  made  four  timeft  a  day  by  J.  3L  Vouug- 
l)liK)d,  keeper  of  llieeity  Ijrid^e,  usually  at  t.>  a>  ul,  I^  uj*,  0  p.  m.,aud 
9  p.  in.  The  6.  a.  m.  readings  are  those  used  by  the  Wrather  liiirea&, 
antl  are  here  given,  exeeptitig  September,  October,  and  Novi^iiil>fr, 
when  the  average  of  all  four  readings  is  givtMi,  since  at  Ihrit  s^msoi 
nearly  all  of  the  water  passes  through  the  factory  wheels  a  bo  v  (Mho 
gage.  The  channel  is  straight  and  without  obstruetions;  the  hdokft 
are  moderat^^ly  high,  but  are  liable  to  overflow  at  the  liigliest  flsHxi^ 
Bod  is  fairly  constant.  Records  of  measurement  may  l>e  fouiul  ^ 
follows;  1875  to  1891,  Fourteenth  Annual  Report,  Part  II,  pn^^v  W^l 
IHOl  to  189r>,  Eighteenth  Annual  Report,  Part  IV,  page  7->:  18^^^ 
Nineteenth  Annual  Report,  Part  IV,  i>age  2:17;  WjS^  Twenti^tt 
Annual  Report.,  Part  IV,  page  1^15,  The  following  TneasureDienB 
have  been  made  by  B,  M.  Ilall  and  his  assistants  .during  1899: 
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Measurements  of  Savannah  River  at  Auffusta,  Oeorqia. 
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D»y 

Jan. 

Feb. 

u» 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Dec 

1 

8.5 

12.7 

28.8 

19.5 

9.6 

7.9 

7.2 

7.4 

13.9 

5.0 

6.2 

7.3 

t 

10.8 

13  0 

21.0 

18.9 

9.5 

8.4 

6.7 

6.7 

10.9 

5.0 

6-4 

6.9 

8 

10.3 

14.3 

ie.2 

15.8 

9.3 

7.6 

6.2 

63 

9.1 

5.5 

6.3 

5.8 

4 

9.0 

15.8 

14.2 

13.2 

9.3 

7.5 

6.0 

6.3 

8.0 

5.6 

5.8 

7.0 

5 

8.5 

14.5 

13.7 

12.9 

9.2 

7.2 

6.0 

6.0 

7.5 

5.8 

5.6 

8.7 

6 

8.5 

90.7 

18.2 

13.0 

9.8 

7.3 

6.0 

5.9 

6.9 

11.8 

5.8 

6.7 

7 

12  8 

28.0 

15.2 

12.2 

10.3 

7.3 

5.8 

5.7 

6.6 

9.6 

5.9 

6.3 

8 

22.9 

31.0 

13.3 

12.4 

10.4 

7.0 

6.7 

5.5 

7.4 

10.5 

5.H 

6.3 

9 

19.2 

29.9 

12.2 

15.5 

9.7 

7.0 

7.0 

.5.7 

7.0 

14.1 

5.9 

6.1 

W 

U.3 

22.9 

11.8 

14.2 

9.1 

6.9 

8.3 

6.0 

7.0 

12.1 

5.8 

6.0 

U 

12.8 

18.3 

11.5 

12.8 

8.8 

7.3 

7.8 

5.7 

8.7 

8.5 

5.5 

5.9 

12.... 

17.3 

14.7 

11.2 

12.0 

8.5 

6.9 

6.5 

8.0 

9.3 

7.3 

5.6 

5.9 

13 

17.4 

13.7 

11.2 

11.5 

8.5 

7.5 

6.0 

8.3 

8.6 

6.9 

5.6 

6.3 

U 

15.3 

12.9 

11.1 

11.2 

8.5 

9.7 

6.0 

6.4 

6.9 

6.4 

5.7 

10.7 

15 

15.4 

12.3 

11.0. 

11.0 

8.8 

9.7 

6.0 

6.0 

6.3 

6.0 

6  1 

14.5 

!«.... 

14.5 

14.4 

18.6 

10.8 

8.2 

8.2 

6.0 

5.5 

5.8 

6.3 

5.8 

10.5 

17 

17.3 

25.0 

26.6 

10.5 

8.2 

8.0 

6.7 

5.4 

6.6 

6.0 

5.8 

8.6 

18 

16.8 

24.3 

2L6 

10.6 

8.0 

8.7 

6.6 

5.0 

6.2 

6.0 

6.8 

7.5 

19 

13.9 

19.1 

17.1 

10.2 

8.0 

7.9 

5.8 

5.0 

5.4 

6.8 

5.4 

7.8 

» 

11.7 

15.3 

20.0 

10.6 

7.9 

7.8 

5.7 

5.8 

5.7 

6.1 

5.7 

7.0 

a 

10.7 

13.5 

22.6 

10.4 

7.9 

7.8 

5.6 

4.0 

6.0 

6.5 

5.7 

6.8 

« 

10.0 

14.7 

17.1 

10.0 

7.8 

7.0 

6.8 

4.7 

6.6 

6.7 

6.8 

6.9 

S8 

9.9 

14.3 

16.8 

9.9 

7.7 

6.7 

6.8 

5.8 

6.0 

6.0 

5.8 

7.4 

M 

11.4 

13.0 

15.5 

9.8 

8.2 

6.7 

6.8 

4.8 

5.4 

6.0 

7.0 

9.8 

26 

11.9 

11.7 

15.6 

10.0 

8.0 

6.5 

5.7 

5.7 

5.9 

5.8 

8.8 

18.8 

SB 

10.8 

11.5 

13.8 

11.6 

7.8 

6.3 

6.0 

5.6 

5.6 

5.8 

9.2 

12.8 

l.± 

10.3 

17.7 

14.0 

18.0 

7.8 

6.7 

7.0 

7.0 

5.3 

5.8 

11.3 

9.8 

10.0 

29.8 

13.5 

11.2 

7.4 

7.6 

11.7 

18.3 

5.8 

5.7 

9.8 

8.8 

9 

11.0 

14.0 

10.3 

7.4 

7.7 

11.6 

11.3 

5.8 

5.6 

8.4 

5.0 

» 

11.2 

15.0 

10.0 

7.4 

7.6 

9.8* 

9.2 

5.6 

5.8 

7.5 

8.3 

a 

10.5 

18.6 

7.8 

8.5 

11.4 
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aFor  the  months  of  September,  October,  and  November  the  flgtires  (riven  are  an  average  of 
nr  readings  daily— 6  a.  m.,  12  m.,  6  p.  m.,  and  8  p.  m.  For  the  other  monthH  the  n^adlngs  are 
k)ie  taken  at  6  a.  m. 

BROAD   RIVER  AT  CARLTON,  CIEORGIA. 

Broad  River  rises  in  the  northeastern  part  of  Cleorgia  and  flows 
n  a  southeasterly  direction,  passing  between  Elbert  and  Wilkes  coun- 
ies  and  emptying  into  Savannah  River  8  miles  below  Calhoun  Falls 
tation.  The  watershed  is  a  rolling  country  largely  covered  with 
imber.  Measurements  were  begun  on  Broad  River  at  C-arlton  on 
•lay  27,  1897,  this  station  being  established  by  Max  Hall.  It  is 
ocated  on  the  bridge  of  the  Seaboard  Air  Line,  3  miles  e^ist  of  Carl- 
on,  Greorgia,  and  3  miles  above  the  mouth  of  the  South  Fork.  The 
ron  bridge  is  250  feet  long  and  is  approached  on  each  side  by  wooden 
'estles.  The  initial  point  of  soundings  is  the  end  of  the  iron  bridge 
t  right  bank,  upstream.  The  length  of  the  wire  gage  is  50. 30  feet, 
^nch  mark  is  top  of  upstream  iron  girder  under  cross-tie  at  30  feet 
"om  initial  point  and  is  51.00  feet  above  datum.  Zero  of  gage  is  384.5 
^t  above  sea  level.    The  gage  was  last  verified  Apn\  ^5,\^^S^.    TVi<^ 


1932 


1 


OPEBATION8   AT   KIVEK    STATIONS,  18m PART    IL 


[mmi 


cbaooel  is  f^traight  and  the  flow  uninterrupted  except  by  one  pier  m 
the  center  of  the  river.  The  banks  are  rather  low  and  subject  M 
overflow  in  time  of  high  water.  The  bed  is  fairly  constant.  Tli^ 
observer  is  S.  P.  Power,  jr.,  a  farmer  at  Carlton,  Georgia*  The  resulW 
of  measnreinent43  may  be  found  as  follows:  1897,  Nineteenth  Amiual 
Rei>ort,  Part  IV,  page  227;  1808,  Twentieth  Annual  Rt^port,  Part  JY, 
page  lf>3.  Tho  following  discharge  measurements  were  made  daruig 
the  year  1890  by  Max  Hall  and  assistants:  • 

M^umrefnent*  of  Broatl  Ritxr  at  Carliorij  Q^orgia^ 
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A  measurement  of  Broad  River  was  made  June  28  below  the  junc- 
tion of  South  Broad,  3  miles  below  the  station  and  4  miles  from  Cnfl' 
ton,  Georgia,  which  gave  a  discharge  of  1,135  second-feet.  On  th& 
same  date  a  measurement  of  South  Broad  wa«  made  at  its  montli, 
when  the  discharge  was  found  to  be  14o  second-feet  On  September 
2  a  second  measurement  of  South  Broad  was  made  4  miles  above  tb& 
mouth  above  Fork  Creek  and  1.5  of  a  mile  from  Carlton,  Georgia^  and 
gave  WS  second- feet.  On  November  11  a  third  measiirement  of  ihJ* 
latter  river  was  made  one-half  a  mile  fn>m  month,  below  Fork  Creetj 
and  3  miles  from  Carlton,  giving  a  discharge  of  139  second-feet.  Th© 
drainage  area  of  South  Broad  River  at  its  mouth  is  215  square*  inil^^ 
Daily  gage  fieight^  in  feet,  of  Broad  River  at  Carlton ^  Georgia,  for  1S99. 
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OCONEE.  RIVER  AT  DUBLIN,  GEORGIA. 

Oconee  River  rises  in  the  northern  part  of  Georgia,  near  Gaines- 
ille,  i>n  the  southern  slope  of  Chattahoochee  Ridge,  which  separates 
le  headwaters  of  this  stream  from  the  tributaries  of  Chattahoochee 
Liver.  It  flows  in  a  southeast-erly  direction  and  joins  the  Ocmulgee 
t  the  southern  Iwnler  of  Montgomery  County  to  form  tlie  Altamaha. 
'he  watei-shed  is  for  the  most  part,  hilly,  and  is  made  up  of  cultivated 
^ound  bi-oken  by  extensive  iract.s  of  forest,  A  station  was  main- 
4eiined  for  a  time  at  Cary,  Georgia,  immediately  Inflow  the  mouth  of 
Apalaohee  River.  The  rating  was  evidently  affecteil  by  the  dam  sev- 
eral miles  below,  and  for  this  reason  the  station  was  abandoned  on 
March  31,  1808.  The  results  of  measurements  at  this  station  can  be 
found  as  follows:  1807,  Nineteenth  Annual  Report,  Part  IV,  page 
227;  1.S08,  Twentieth  Annual  Report,  Part  IV,  page  170.  A  single 
discharge  measurement  was  made  at  this  station  in  1899  on  Octotor  19: 
Gajro  height,  2.03  f(M»t;  discharge,  898  second- feet. 

A  station  was  t'stablished  by  the  United  States  Weather  IJureau  in 
18!U,  at  Dublin,  Georgia,  about  00  miles  above  the  junction  of  the 
Oconee  with  the  (Jemulgee,  45  miles  below  Milledgeville,  and  85  miles 
below  the  old  Cary  station.     The  station  was  discontinued  on  April 
3(),  1897,  but  was  reestablished  by  the  Georgia  geological  survey, 
February  11,   1898.     Since  October  15,  1898,  the  station   has  been 
maintained  by  the  United  States  Weather  Bureau.     The  station  is 
located  alx)ut  one-half  mile  east  of  Dublin,  Georgia.     The  gage  is  a 
vertical  rod  fastened  to  the  lower  side  of  the  middle  pier  of  the 
Wrightsville  and  Tennille  Railroad  bridge.     The  gage  is  referred  to 
a  secondary  gage  on  a  hemlock  tree  on  the  right   bank,  150  feet 
above,  and  to  a  l>ench  mark  on  the  same  tree  which  consist^s  of  three 
large  nails  :J.0()  feet  above  the  zero  of  the  gage,  and  a  second  l>ench 
niark  on  another  hemlock  tree  100  feet  above  the  firat,  which  consists 
^f  three  large  nails  3.00  feet  above  datum.     The  channel  is  straight  and 
without  obstructions  except  the  bridge  piers.     The  current  is  swift, 
he  banks  high  and  not  subject  to  overflows.     Discharge  metisure- 
nents   are  made*  from  the  upper  side  of  the  county  highway  iron 
•ridge,  which  is  about  KX)  yanis  above  the  railroiul  bridge  at  which 
he  gage  is  located.     The  initial  point  for  soundings  is  the  end  of  the 
ridge  on  right  bank  of  the  river.     Records  of  measurement  nuiy  be 
>und  as  follows:   1890,  Eighteenth  Annual  Rei)ort,  Part  IV,  page  77; 
S97,  Nineteenth  Annual  Report,  Part  IV,  page  228;  1898,  Twentieth 
.nnual  Rei)ort,  Part   IV,  page  170.     The  following  measurements 
ere  made  by  B.  M.  Ilall  and  his  assistants  during  1899: 
Febraary  2,  gage  height,  8.20  feet;  discharge,  9,689  second-feet. 
April  28,  gage  height,  8.00  feet;  discharge,  9,033  second-feet. 
Jane  8,  gage  height,  0.80  foot;  discharge,  1,937  second-feet. 
September  15,  gage  height,  0.80  foot;  discharge,  1,997  second-feet. 
September  15,  gage  height,  0.50  foot;  discharge,  1,908  seoond-feet. 
Deceml)er  14,  gage  height,  8.90  feet;  discharge,  4,(^  aecoad-to^ 
JRB36 3 
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A  discharge  meimumment  wa^s  also  madi!  on  Oconee  River  at  MU-  I 
ledgevilk,  Georgia,  45  miles  aliove  BubUii,  on  November  21,  18&*^  ■ 
when  tho  dischargt^  waei  found  to  be  t>57  »©oond-feet. 

DfiUy  gage  height,  in  feet,  *tf  Or&ntt*  River  at  Dublin,  Gtorgia^  for  SS$^, 
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YELLOW   RIVER    AT   ALMtTN,  CiEORGLA. 

Tills  rivipr  iH  an  important  tj-ibntarv  of  tho  Ociniiljor^**,  Its  ^^^^^ 
watoi^s  aro  in  (ywiiinett  Cniiuty,  only  a  short  distance  from  CbattalnKV 
chee  River.  About  oiiti-third  of  the  wattrnJjed  is  under  <niltivation, 
thej^round  iK^nf^  well  tprra(*ed  on  the  liillsidus^.  I^he  draiun|:earf^i^ 
eiitirply  mai»i»ecS  on  the  Monroe,  (Taiuesville,  Siiwatiee,  and  AllrtTitii 
atla.s  sheets  of  the  ITuit^d  Stales  <ti^o logical  .Survey.  There  atv 
a  number  of  falls  alon^  the  rivei-  ea|iftl)ie  of  <levelopment  for 
water  power.  A  ^qigiu^  station  was  established  at  Alrunn,  3  mW^ 
west  of  Covington,  Geor^ria,  St*ptember  1:*,  W^7.  h  was  at  th? 
low  wagon  bridge  crossing  the  stream,  iltM)  feet  below  the  Geunria 
Railroad  bridge.  Results  of  mea8ureineut.H  at  this  station  inayb^ 
found  as  follows:  18!i7,  Nineteenth  Aunuul  lieport.  Part  IV.  pap' 
2:]0;  18r*H,  Twentieth  Annual  Hepf>rt,  I'art  l\\  pngi^  170.  No  eurnml- 
meter  measurements  were  made  during  i8I>H,  nor  wei-e  the  g^P' 
heights  I't^eorded.  An  atl-enipt-  was  uuuie,  howevi^r,  tu  aseert'iii^ 
the  fluetuations  uf  discharge  for  comparison  vsith  tlie  observatiMii^ 
made  at  Mai-on.  A  rating  table  published  on  page  2'2'J  of  tln^  Kint" 
teentli  Annual  Re|>t*rt,  Fail  IV,  was  (HMi^lructed  from  ilist-hargr  mrJis* 
urenients  nimle  during  \hr  autumn  nf  1S';^7.  .\  rating  table  lor  !^''? 
js pubJisheil  in  Wat^r-Supply  I'ajK^r  No.  -*7,  nf  the  Uuit*;d  States  tt^o- 
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^cal  Survey.  The  application  of  such  a  table  involves  the  assump- 
in  that  the  fluctuations  at  Almon  are  coincident  with  those  at  Macon, 
id  as  it  is  of  uncertain  accuracy,  the  old  station  at  Almon  has  been 
landoned  and  a  new  station  was  established  May  9,  1899,  by  B.  M. 
sill,  about  1  mile  above  the  old  station.  It  is  intended  to  maintain 
is  station  for  six  months  or  inore,  in  order  to  study  the  water  powers 
K>ve  and  below.  The  gage  rod  is  fastened  to  a  small  tree  on  the  left 
ink  below  the  bridge,  and  referred  to  a  bench  mark  on  top  of  the 
)wnstreamend  of  floor  beam,  90  feet  from  the  initial  point  of  sound- 
gs,  which  is  the  right-bank  «»nd  of  the  hand  rail  on  the  downstream 
de  of  the  bridge.  The  elevation  of  bench  mark  is  20.H1  feet  above 
itum.  The  gage  was  verified  May  9,  1899.  The  channel  is  straight, 
le  current  swift  and  not  influenced  by  .obstruct ions  except  at  very 
►w  water,  when  the  current  is  entirely  under  the  we.st  half  of  the 
ridge.  The  banks  are  high  l>u<  are  overflowed  at  the  liighest  waters. 
he  bed  is  rocky  an<l  constant.  The  following  measurements  were 
lade  by  B.  M.  Hall  and  assistants  during  1899: 

ICay  3,  gage  heis^ht  2.97  feet;  diacharge  4S1  second-feet. 
May  9,  gage  height  3.16  feet:  discharge  561  second-feet. 
May  16,  gage  height  2.30  feet;  discharge  364  second-feet. 
Jane  6,  gage  height  1.80  feet;  discharge  285  second-feet 
Jxme  27,  gage  height  2.42  feet;  diacharge  427  seoond-feet 
Angust  7,  gage  height  1.40  feet;  discharge  218  second-feet 
October  19,  gage  height  1.70  feet;  discharge  200  seoond-feet. 

Daily  gage  height,  in  feet,  of  Yelloir  River  at  Almon,  Georgia,  for  1899, 


Day. 

May. 

Jnne. 
2.40 

July. 
1.60 

Ang. 
1.90 

Sept. 
2.10' 

Oct. 

Nov. 

Dec 

2.00 

1 

1.20 

1.60 

2 

2.10 

1.50 

1.80 

2.«) 

1.20 

1.60 

2.70 

3 

2.00 

1.40 

1.70 

1.80 

1.20 

1.50 

2.50 

4        

l.«0 
1.80 

1.30 
1.40 

1.60 
1.60 

1.00 

1.50 

1.20 
1.70 

1.50 
1.50 

2.30 
2.00 

5 

6 

l.HO 

1.50 

1.40 

1.50 

2.00 

1.50 

1.90 

1.70 
1.70 

1.80 
1.6f) 

1.41) 
1.40 

l.iiO. 
1.50 

2.50 
4.00 

1.50 
1.50 

1.90 
1.90 

8 

» 

3.3) 

1.70 

1.80 

!.;«) 

1.40 

2.80 

1.50 

1.90 

10 

2.81) 

1.70 

LOT) 

l.:«) 

1.40 

2.20 

1.50 

1.90 

11 

2.80 

1.70 

1.40 

1.30 

2.50 

1.80 

1.50 

1.90 

L8 

2.70 

2.00 

1.40 

1.30 

2.00 

1.80 

1.50 

4.00 

13 

2.70 

2.  Til. 

1.30 

1.2!) 

1.70  1 

1.8U 

1.50 

:ifl() 

14 

2.rj0 

2.10 

1.30 

1.30 

1.50 

1.80 

1.50 

2.50 

15 

2.m 

1.90 

1.30 

1.20 

1.50 

1.70 

1.50 

2.30 

le 

2..'iO 

1.80 

1.20 

1.10 

1.40 

1.70 

1.60 

2.  a) 

17 

2  31) 

1.80 
1.80 

1.20 
1.80 

1.10 
1.00 

1.40 
1.40  1 

1.70 
1.70 

1.50 
1.50 

2.00 
2.00 

18. 

2.10 

i     19 

2.;jo 

1.70 

1.40 

1.00 

!.:)() 

1.70 

1.50 

2.00 

'    3D 

:     2.10 

1.60 

1.40 

1.00 

1.30 

2.0() 

1.50 

2.00 

21 

2.00 

1.50 

l.er) 

1.00 

1.31) 

1.90 

1.50 

2.00 

28 

2.80 

1.50 

l.8r) 

\At) 

1.30 

1.70 

1.50 

2.00 

,    23    

2.80 

1.50 
1.40 

2.00 
1.40 

1.(1) 
1.00 

1.30 
1.20  1 

1.50 
1.50 

2.20 
2.30 

2.00 
5.50 

'    uV. 

2.50 

25 

2.20 

1.40 

1.60 

1.00 

1.30  ! 

1.50 

1.90 

4.60 

» 

,      2.00 

3.20 

2.40 

3.80 

1.30 

1.50 

4.50 

3.40 

2n 

2.00 

2  60 

5.80 

3.00 

1.20 

1.50 

4.00 

2.50 

28 

!      2.00 

2.00 

5.00 

2.80 

1.20 

1.50 

3.20 

2.50 

20 

i      l.«0 

2.U) 

3.70 

2.70 

1.20 

1.60 

2.50 

2.50 

80 

'      1.80 

1.80 

2.80 

2.50 

1.20f| 

1.70 

2.00 

2.60 

31 

3.30 

2.00 

2.30 

^ 

1.70 

2.80 
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AT    RIVEB   STATIONS,  1^9, — PAKT    II,         X^.3L 


TUWAUGA  HIVER  AT  JtU^lETTE,    GEORGIA, 


The  drninngt^  biisin  nt  thi?!i  stretim  CK^cupiv^  a  small  rtrea  in  c*?ntnil 
ileorgm^  Hs  he»dwiiU»r  tribnUiry  adjoining  those*  of  Flint  Rivoronlh<?i 
wtJHt,  and  Amall  c-reoks  draining  inlo  the  OcmnlgiH?  on  the  ca«t.  The 
rivr*r  in  a  tributary*  of  Demnlgi?^  Hivi^r,  entering  it  25  milf*^  al>ove 
Mii^'on.  The  urea  drained- k  a  rolling  coontr>^  and  extensively  f'ulti- 
vnl-t^d*  A  gaging  station  was  established  by  B.  M.  Hall  near  ltd 
inuulli,  at  the  Southern  Railway  bridge,  2|  miles  north  of  Juliette 
G<?orgiaj  on  Mayo,  IBOl^  but  observations  of  gage  heights  were  not 
»t4^rt4Kl  until  NovonilK*r  :?.  The  rod  is  1  by  -t  inches  and  7  feet  lonj 
nailc^d  to  the  tiiul>er  <*rii>  at  buj^e  of  left  bank  pier  of  the  iron  singl 
Hpan  bridge,  IJeneh  mark  No_  1  is  at  top  of  downstream  iron  gi 
underoroBS-tle«(at  40  ft*et  from  left  end  of  bridge,  and  is  37.  (X*  f< 
alxivo  gage  datum,  Benoh  mark  Ko,  2,  top  of  rail  at  same  point,  gaga 
height  38.80  feet  At  low  stages  measuremenL^  are  ma<le  at  the  wa^on 
liriilge  a  half  mile  above  the  milroad  bridge,  Thomas  PittniaDj  ft 
fanner  living  one- half  mile  from  the  bridge,  is  the  observer.  His 
address  is  Berner,  Gerirgia.  The  following  meHsurenients  were  made 
by  B.  M*  Hall  and  assistants  in  1899; 

May  Ti,  gage  height  n.l5  feet:  discharge  581  secaod-faet. 
Mny  17*  gasce  height  1,80  feet;  discharge  2,V>  set  ond-feet, 
November  2,  ga^e  height  L20  feet:  diicharf^e  167  second^ feet. 
Novi^ml>er  2,  gag^  height  1.20  feet;  discharge  16^)  second -feet 
I>ecember  10,  gage  height  I.IK)  feet;  discharge  1^  aecotid-feet, 

Iktilt/  (jttgt*  ^if*f*jhf,  tHfvt't,  tff  Ttftniligti  Rit^er  at  Juliette^  Gt*orffia^fffr  l^Ofi^ 


B*y. 

Nov. 

n^,; 

L7l> 

tm 

t^Qo 

3.  ,.- 

h^ 

Lm 

4*4*-. 

1.10 

l,T5 

ft. , .. 

1.10 

1, 715 

1. 10 

LBS 

]    J 

Lift 

LW 

M.    ,. 

'-•" 

i,«. 

D»y. 


to._.. 

LI   „, 
li>  -  -  - 


Nov. 

Di^r. 

T>*y. 

Nov. 

tN3C, 

D... 

Xov 

1  2f) 

l.BTl 

17.... 

Leo 

..«.! 

£S._.. 

L3n 

J  IB 

1.&5 

1§-. 

La> 

K^ 

a.--. 

3,35 

\.Si 

1  f50 

19.-._ 

L3l> 

LTO 

S7.._. 

3.2^1 

1.  in 

3.:o 

m.... 

urn 

LTO 

S9.-- 

3.30 

\.  Ill 

:ltK> 

Sl.„. 

L3D 

LTO 

29.... 

LBTi 

lA\i 

2.50 

25J.... 

1.30 

Lao 

ao,,.. 

LSO 

Jjn 

200 

SI,,,. 
^1  .._ 

L3f> 

Lrtn 

31™. 

1.7(1 

Dec- 


l.lt> 
3.(11 

L9n 

1,91 


OnMUUiEE   lUVEH    AT   MArOX,    GEORGIA. 

Tlu^  fh'miil^ei'  River  rises  in  tln^  nortfi-reni  nil  part  of  Ik^nrifia  iiii'l 
flows  ill  ii  ^^ontli^^asterly  (iitvrtion,  joining  tlip  0<.mhkm^  Minth  of  ^dnml' 
Vernon  to  form  the!  Attamaiia  Rivt'r,  wliich  empties  into  th<^  Atlantic' 
Ocean,  Th<'  draiiia^^o  area  Ii;i8  the  same  gemM-al  fen  In  res  as  tliat  of 
tile  Oe<*!iee*  A  station  was  establisUeU  hy  tlje  l^iited  States  Wealii<T 
Bim^^au  January  2L,  I8n.3,  and  nieavSurenientM  were  l>egini  by  tb*^ 
United  States  Gt'ologieal  Snrvi^y  in  lStl5.  This  station  is  deseriht^l 
in  the  lii^iitetMiifi  Annual  Report,  Part  IV,  pa^e  79.  The  w^ire  ^Mge 
on  the  .Macon, T)ubl in  antl  Savannah  Railroad  britljre  having  li*^r*n 
twiee  stolen  in  the  spring  <if  18^7,  tlie  observations  wen^  taken  on  die 
ly^eutlwr  Buvtmu  gage  reCvj^rrk^d  to  Uve  ^ame  data,  wliich   is  a  vertit'iil 


k 


GEORGIA 


137 


r(xl  bolted  to  the  stone  pier  of  the  Ceutnil  Hailroiu  brid^ro.  Ijeui'h 
mark,  top  of  track  on  Central  Railroad  bridgi»,  is  54.8c  feel  al)ove  zero 
of  gage.  Measurements  of  discharge  are  made  from  the  wagon  bridge, 
a  short  distance  above.  The  channel  is  straight  and  without  oUstrue- 
tions  except  two  bridge  piers.  The  current  is  over  1  foot  per  «»cond 
at  low  water;  the  banks  high  and  not  subject  to  overflow.  Tho  lx»d 
of  the  river  is  soft  and  changeable.  W.  T.  Bass,  a  clerk  in  a  ston^ 
near  the  gage,  was  observer  for  the  United  States  Geological  Surv(»y 
and  theGeoi'gia  geological  survey  until  June  1,  180t»,  when  tlir  station 
was  resumed  by  the  United  Stat<?s  Weather  Bureau,  in  charge  of  Mr. 
T.  S.  Collins,  observer.  Records  of  measurement  may  Ik»  foinul  as 
follows:  1893-90,  EighteiMith  Annual  Report,  Part  IV,  page  Si>;  18J>7, 
Nineteenth  Annual  Rei)ort,  Part.  IV,  page  232;  189S,  Twt»iitietli  Annual 
Report,  Part  IV,  l>age  171.  The  following  measumnt^nts  wciv  mmle 
by  B.  M.  Hall  and  his  assistants  during  1899: 

MeasureiiientH  of  Ocmulgev  River  at  Macon ^  Genrtjia. 


Date. 


height. 


Difl- 
irhurtr**- 


Febmaryl. 
FebmaryS. 
Februarys. 
February  3- 
AprilU... 
April  29... 

June? 

Jnne9 


>Vrf. 

St'cfett.    , 

9.75J 

6.3(je  1 

13.76 

14,954 

13.75 

14.781 

12.81 

1^687 

4.GU 

2,687 

5.01) 

3.094    , 

1.6» 

1.016 

I.4h 

983   1 

r>at«' 


June  21 

AugruAt2 

September  14 
September  14 
October  21... 
December  13. 
December  15. 


Uoffo    !       DiH- 
heitflit.       chargt*. 


Frvt. 
1.22 
1.98 
1.7» 
.81) 
2.31) 
4.6U 


Sei'.fcet. 
1.UU9 
1.346 
1.314 
793 
1,814 

:),ooo 

1.541) 


Daily  gage  height,  in  feet,  of  Ocintdgee  /Jitvr  at  Mavon,  Georgia,  for  IStm. 


Day. 


1.. 

2.. 

8.. 

4.. 

6.. 

6. 

7.. 

8.. 

9-. 
10. 
11- 
■    12 
W.. 
14.. 
15. 
16. 
17. 
18. 
19 
20 
21- 


24. 
25. 
28. 
27. 
28. 
29. 
3U. 
81. 


Jan.  ■  Feb.  \  Mar.    Apr. 

i  

9.t)l) 

8.41 
13.7tl 
11.98 

9.94 
10.81) 
15.83 
13.42 
12.13 
10.80 

9.78 

8.21 

7.60 

7.13 

6.10  ■ 
12.30  i 

11.  UK  I 
U.12 

9.76 
8.32  • 
8.27 
8.18  ■ 
8.10 
7.13 
6.28 
6.13 

12.  L3 
14.91 


May.   June.   July.    Aug.    Sept.     ()«-t.     Nov.-    l>e<*. 


4.42 

6.60 
5.96 
5.21 
3.70 
4.12 

12.65 
10.21 
9.23 
12.14 
11.87 
9.38 
8.96 
8.21  ' 
9.67 
12.91 
10.87 
9.34 
5.91 
5.11 
5.42 
5.10  • 
5.37  1 
5.31 
5.U1 

4.n 

4.69 
6.08 
4.90 
6.07 


14.72 
11.14 
9.11 

h.:b 

8.11 
7.62 
6.81 
6.72 
6.40 
6.11 
5.81 
5.74 
5.69 
5.58 
5.51 
8.51 
7.21 
9.;j8 
12.94 
10.72 
9.42 
8.11 
6.42 
8.65 
8.85 
6.93 
H.Ol 
7.87 
7.30 
6.91 
6.28 


11.30 
8.71  I 
7.97 
7.8« 
8.11 
7.85 
6.89 
6.50 
6.97 
5.63 
5.42 
5.01 
4.71 
4.58  , 
4.40  I 
5.01  ! 
4.42 
4.:«  : 

10.38  I 
7.82  : 
6.52 
4.72 
4.61 
5.48 

11.87  i 

12.41 

8.22 

5.84  . 

5.16  i 

4.71  i 


4.05 

3.80 

3.60 

3.60  I 

3.45 

8.10  I 

6.72  I 

5.30 

3.80 

3.55 

8.38 

3.10 

2. 96  , 

2.90 

2.82  I 

2.6U  , 

2.52 

2.45 

2.3;) 

2.20  I 

2.18  . 

2.48 

3.67 

3.35 

3.01 

2.40  , 

2.18  ' 

2.12  •■ 

2.06 

2.08 

2.15 


4.40 
2.  HO 
2.60 
2.60 
1.90 
1.80 
1.60 
1.00 
l.(SO 
1.40 
1.00 
1.50 

2.:» 

2.90 
2.2J) 
1.70 
1.50 

2.:jo 

1.40 
1.30 
1.30 
1.20 
l.«) 
.90 
.90 
1.20 
3.20 
3.30 
1.00 
1.70 


l.GO 
1.50 
1.20 

.90 

.90 
1. 00  I 
1.10 
1.50 
2.(N) 

i.:jo 
i.io 

.IN) 

.80  ' 
.70 

.(to 

.(iO 
.50 
.70: 

.90  I 

1.(1)  ; 

.80  I 
l.»)  ' 
3.21) 
2.(X) 
2.00 
2.30 
4.:X) 
5. 10 
4.20 
3.20 


2.50 

2.10 

1.40 

1.40 

1.20 

l.U) 

.80 

.70 

.(JO 

.50 

2.10 

1.(1) 

1.20 

.HO 

.70 

.70 

.(io 

.(io 

.50 

.40 

.40 

a.  00 

3.:io 

3.10 
2.10 
1.20 
.80 
3.00 

2.;io 

1.80 
2.40 


2.(10 

1.80 

2.00 

1.80 

1.80 

l.llt 

.70  1 

.70 

.50 

.40 

2.30  I 

2.50  i 

2.20 

1.70  ■ 

.1)0 
.(50 
.(H) 
.50 
.50 
.40 

.:)o 

.30 

.:)o 

.30 
.30 
.40 
.40 
.10 
.30 
.30 


o.:io 
.:«)  ' 
.:«) 

.40 
.-.0 

2.30 
2.00 
10.00 
(1.40 
3.30 
2.-1)] 

l.:)o 

1.00 

1.00  , 

.90  ' 

.H<) 

.SO 

.80 

2.(M)  i 

2.  HO 

3.20  I 

2. 40  I 

I. (to  ! 

1.20 

l.(N) 

.HO 

.70 
1.40 
1.00 
1.10 


O.Hl) 
.(M) 
.(M) 
.50 
..-H) 
.50 
.10 
.40 
.«) 
.40 
.10 
.50 
.50 
..V) 
.80 
.70 
.70 
.70 
.(io 
.(iO 

.60 
.50 
.60 
l.(N) 
1.40 
4.40 

5.:«) 

4.30 
3. 10 
2.00 


1.70 
1.50 
1.30 
2.10 
1.90 
1.50 
1.30 
1.10 
1.10 
1.00 
1.10 
3.70 
4.70 
3.90 
2.60 
2.00 
1.80 
1.50 
1.40 
1.40 
1.30 
\.',\\ 
1.40 
8.40 
5.90 
5.20 
3.50 
2.(J0 

2.:*) 

2. 10 
1. 00 


a  Mud  aruund  gage. 


OPERATIONS   AT   fil¥£B    CTATIONSj  lim, PART   H.         mUk 

FLINT  m^Tm,  AT  ALBANV,  GEORGIA* 

This  riv#?r,  known  to  tht*  iDdiaiis  as  the  ''Thronateeska/'  riBes  in  thfi 
wp!?*t-eeiilral  purt  of  Georgia  ami  flowing^  in  a  Miutherly  direction  en\& 
111  rough  Pine  Mount^iin  Range  junt  below  Moleim.  It  joins  the 
<1iattahoo<-h€«  to  form  Apalaehi^ola  Hiver,  Its  dniinage  area  h  hilly 
Had  roUiug  on  the  headw&t'em  and  k*v*d  at  the  lower  end.  It  j**  larK^ly 
eultivaied,  hut  nio»t  of  the  ground  ii^  well  terractHi,  A  station  wa» 
4^slabliahed  til  M<ilena,  Georgia,  June  7,  1S1*7.  Measurements  were 
made  during  Ls:f7  and  iBl>8,  and  a  mtiug  table  eonsirutited  hy  Prof. 
B .  M .  HaVL  The  a  I  ternate  acx^u  in  ii  ta  t  ion  and  wa^^hi  ng  on  f  of  sedka  mi 
in  an  eddy  one-half  mile  lielow  8<j  affec^ted  th^  gage  height,  that  it  hm 
not  been  {Kksuible  to  establish  a  definite  relation  between  them  ami  the 
d  i  m^harge  meanu  re  m  e  n  t  s*  a  n  d  t  )i  e  at  At  i  <  m  wnB  d  \  Si*t  *  n  t  i  n  a  etlJ  uxi  e  2 » 1 808* 
HiN^'ords  of  meaBUrement  maile  at  Molena  may  Lie  found  as  foUown: 
1897,  Eighteenth  Annual  lleport.  Part  FY,  page  TM;  1808^  Ninete^rtth 
Animal  Report,  Part  IV,  page  2X1  Two  tneasni'emeuts  wrre  mndefn 
IBifS*  at  the  Macon  and  Birniinghani  bridge,  near  Woodbury,  (ieor^^ 
5  iiiile#  l>elow^  the  old  Molena  station.  The  gage  heights  are  assuuKni^ 
T)At^-d  on  permanent  iK^neh  marks.  First  measurement,  January  ii*, 
gag6  height,  0.80  foot;  disidiarge,  T>W  seeoiifl-feet.  Second  mea^tirf^ 
ment,  Augu^  '29^  gage  height,  0,r57  foot;  dL^harge,  4*51  second-feet. 

The  United  States*  Weather  liureau  hafi  a  gage  rod  at  Reynolds*, 
80  milei^  alxive  Albany,  It  was  ere<'te<l  in  181^3  by  the  United  St«i4?s 
Engineer  C^orps.  The  rod  is  attached  to  the  middle  pier  of  the  rati- 
ri^atl  bridge,  -i  miles  i*Hst  of  the  town.  Tli**  <lrHinniri*  area  ?il>ove  Hcv- 
iKihlfj  is  nipoHt-ti  tcj  hi'  2,rKKi  siiuari'  iiiih*s. 

A  secon/1  ytation  lias  l>e**n  maiiitaiued  at  An«iiiy,  (leorijia,  by  the 
United  States  Wi^athi-^?'  Hiin^au.  The  draina^'-f*  an-a  at  tiiis  pt»inl  is, 
approximately,  5,0(H)  si^uare  miles.  Mr.  J.  B.  Marhurv,  the  hx^al  fore- 
cast official  at  Atlanta,  Georgia,  furnishes  the  following  information: 

The  river  gage  is  in  two  sections,  the  long  section,  from  10  to  30  feet,  is  nailed 
in  two  segments  to  the  south  face  down.stream  side  ot  the  west  jiier.  on  the  rii^lit 
or  Albany  side  of  the  river;  the  short  section  is  nailed  to  a  cypress  tree  120  feet 
down  the  river  from  the  pier.  The  top  of  the  pier  foundation  sill  is  8. 1  feet  above 
low  water.  A  second  gage,  reading  from  zero  to  21  feet,  is  nailed  to  a  cypress  tree 
on  the  left  bank  of  the  river  about  100  feet  downstream  from  the  point  where  the 
south  side  of  Commerce  street,  if  extended,  would  cross  the  river.  The  first  l>ench 
mark  is  the  top  of  the  wide  marble  foundation  stone  of  the  African  Methodif't 
Episcopal  Church,  corner  of  Washing^n  and  State  streets,  Albany,  Cxeorgia.  h 
is  49.5  feet  above  zero  of  gage.  A  second  bench  mark  is  the  top  of  the  sill  of  the 
old  wharf  at  the  foot  of  Broad  street.  It  is  3  feet  al)ove  low  water.  Tlie  observer 
is  John  E.  Clark.    No  measurements  of  discharge  were  made  in  1899  at  t  his  station. 
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Daiiy  gage  height,  in  feet,  of  Flint  Riiyer  at  Albany,  Otorgia,  far  J899, 


■ ' '■ ' ' i ' \ \ — 

Day.       Jan.     Feb.    Mar.     Apr.    May.  '  Jane.   July.    Aug.    Sept.     Oct.     Nor.     Dec. 


1. 
2. 
3. 
4. 
5. 
6. 


8.  .. 
9... 
10.... 
U...- 
12... 
13.... 
U.... 
16..-. 
16.-.. 
17...- 
!«.... 
19.... 

a..- 


a. 
». 
fi. 
s.. 
».. 
ao.. 
a.. 


«.70 
6.50 
6.40 
6.40 
7.30 

9.ao 

10.00 
10.00 
9.50 
11.60 

laso 

16.70 
16.80 
17.00 
17.00 
17.50 
18.00 
18.  HU 
17.30 
16.90 
15.30 
U.  10 

12.  ao 

11.00 
10.3) 
9.40 
8.7U 
8.30 
7.90 
7.90 
7.90 


8.3i> 
8. 70 
8.90 
9.30 
9.60 
10.80 
11.60 
12. » 
13.80 
14.60 
15.90 
17.30 
18.30 
19.90 
21.80 
19.00  ! 
17.60  , 
16.90 
15.30 
14.60 
14.30 
13.90 
13.30 
13.  U) 
13.(11 
11. :» 
10.31) 
12.30 


I 


14.30 
14.30  1 
L<S.10 
lo.90 
15.90 
14.30 
13.00 
12.10 
11.1*) 
11.  .W 
10.90 
9.4(» 
8.») 
8.00 
7.80 
8.30 
8.90 
9.6f) 
10.40 
11.30 
12.80 
11.90 
ll.tflt 
11.50 
ll.:JU 
10.60 
10.00 
9.40 
9.30 
8.90 
9.10 


8.30 
7.W 
7.00 
6.70 
6.40 
6.90 
7.50 
8.00 
7.40 
7.80 
8.01) 
7.4<» 
6.90 
6.50 
5.00 
biro 
5.U0 
530 
5.») 
5.50 
5.50 
5.ri0 

.->.«» 
6.7t» 
6.90 
7.(0 
6.:J0 
6.(H) 
5.811 


5.40 
4.80 
4.40 
4.30 
4.10 
4.00 
380 
330 
300 
2.80 
3.60 
3.40 
3.  (M) 
1.80 
1.71) 
1.50 
I.:*) 
1.30 
l.UO 
.90 
.90  I 
.90 
1.(1) 
3.3) 
3.81) 
4.30 
.5.40 
4.31 
380 
300 
3.50 


3.40 

2.40 

3.30 

3.00 

3.00 

3.00 

3.00 

1.90 

1.70 

1.31) 

1.30 

1.31) 

1.30 

1.31) 

.90 

7() 

..•iO 

.51) 

.40 

.40 

.40 

.30 

.30 

.61) 

.80 

.90 

.90 

.80 

.81) 

1.30 


0.50 

.60 

.40 

.30 

.10 

.00 

.30 

.40 

.00 

-.10 

-.10 

-.30 

-.30 

-.40 

-.3l> 

-.40 

-.50 

-.60 

-.60 

-.60 

-.70 

-.70 

-.70  = 

-.80 

-.80  •■ 

-.30 

-.70, 

-.90 

1.80  I 

1.70 

5.00 


4.30 

4.70 

4.90 

4.90 

4.10 

390 

350 

330 

300 

2.60 

3.60 

3.31) 

3.30 

1.80 

1.50 

1.30 

1.(0 

1.00 

1.00 

.80 

.70 

.70 

.90 

1.10 

1  60 

.5i« 

.30 

.30 

.30 

.30 

.30 


8.50 
3.10 
3.00 
3.30 
3.30 
3.00 
3.00 
3.00 
3.10 
210 
3.00 
3.10 
3.30 
3.30 
3.30 
3.40 
3.50 
3.30 
230 
1.80 
1.60 
1.50 
1.30 
1.10 
1.30 
1.30 
1.80 
1.90 
1.90 
1.90 


0.40 
.10 
.30 

.30' 
.30  > 

.90 : 

1.30 

1.60 

1.90. 

3.40 

3.40  1 

2  40 

3.70  1 

280 

3.80 

290 

3(0 

300 

290 

330 

340  • 

330 

3.70 

-70, 


a6D 

.TO 
.70 
.70 
.70 
.70 
.60 
.60 
.60 
.50 
.50 
.40 
.30 
.30 
.60 
.70 
.80 
.80 
.90 
.80 
.80 
.90 
.90 
1.00 
1.30 


250  :  1.50 

1.70  I  1.60 

1.30  '  1.70 

.90  I  230 

.70  3.60 


I 


4.10 
4.30 
4.60 
4.60 
4.50 
4.30 
390 
380 
370 
350 
3.30 
370 
390 
4.10 
4.30 
4.80 
4.00 
8.80 
360 
380 
310 
340 
350 
360 
370 
390 
4.00 
4.30 
3.50 
4.90 
6.90 


CHATTAHOOCHEE  RIVER  AT  OAKDALE,  GEORGIA. 

This  river  rises  in  the  northeastern  part  of  Georgia  and  flows  in  a 
)athwesterly  direction  to  the  boundary  line  between  Greorgia  and 
tlabama,  when  it  turns  to  the  southward  and  forms  the  dividing  line 
etween  these  States  to  the  southern  border  of  GeoTfr'm^  where  it  joins 
lint  River  to  form  the  Apalachieola.  Its  watershed  above  the 
louth  of  Chestatee  River  is  mountainous  and  over  80  per  cent  in  oak 
orests;  from  thence  to  West  Point,  Georgia,  it  is  narrow  and  hill}^  and 
•bout  50  per  cent  is  under  cultivation.  From  West  Point  to  Colum- 
«18,  Greorgia,  is  through  a  rocky,  mountainous,  well-wooded  countr3\ 
Wow  Columbus,  Georgia,  the  river  is  navigable,  but  the  country  is 
lilly,  consisting  of  ext.ensive  high  plains  traversed  by  deep  narrow 
'alleys.  The  drainage  area  al)ove  Oakdale  is  entirely  mapped  on 
he  following  atlas  sheets:  Marietta,  Walhalla,  Dahlonega,  Ellljay, 
iuwanee,  Gainesville,  and  Atlanta.  A  large  number  of  important 
^ater-power  privileges  (K'curon  the  triluitariesaiul  on  the  main  river. 
^lie  most  important  fall  o<?cui"s  near  Columbus,  where  the  river 
'^*end8  li'O  feet  in  4  miles.  A  fall  of  'Mi'2  feet  from  West  Point  to 
olumbus,  a  distance  of  34  miles,  o<*curs  in  a  number  of  shoals,  sepa- 
'*ted  by  stretches  of  comparatively  quiet  water.  Elaborate  surveys 
>^  shoals  near  Atlanta,  Georgia — Vining  Shoal,  32  feet,  and  Bull  Sluice, 
^  feet — have  been  made  by  companies  with  the  object  of  develop- 
ment and  electric  transmission  to  Atlanta.  Two  gaging  stations  are 
^utained  on  the  Chattahoochee  River,  one  at  Oakdale,  about  8  miles 
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aiid  tte  «llirr  si  Weil  P^itiw  G«of|ria,  vh«  f« 
l£ir«r  fMckei  tlie  AUbUM  Slal#  line.  The  sta- 
i««Ulil»lied  ^ Omkdale bjr CjwmC,  llAbb cm  October  17.  imL 
b  te  doenbed  in  the  K^^ktmmnh  Aimtuit  Report.  Part  IT.  jm^  U. 
fl  was  loQiied  at  Uie  SooflMiB  BaOway  bridge,  I  mile  above  ihv  month 
of  Pnietor  Crwk. 

On  JqIj  ;I0,  lf4M,  Um  loealkni  of  tlie  statlati  wa^  cbanj^  to  Ma^n 
A  TtunerB  Fefry*  I  laile  heiow  Oakdalt*.  Tlie  gage  at  thi&  point. 
known  90  like  **OakilaJi-  lover  gWRB,**  is  aaOed  to  a  tree  on  the  rlghi 
baak,  lOOfec^t  b^low  ihe  ferry,  and  aet  I  fool  lower  than  the  g^'eat 
tbe  Sootfaara  Railway  bridge.  On  Jmie  1,  li**^,  the  l-^wer  gage  to* 
diaeontiAWd  and  tbe  apper  gage  reamed  and  lulopted  bv  the  Tnitd 
HiatQi  Weathi-r  !£areait,  tbe  rnited  Stales  Oenjlo^fsl  SurTey  still 
reeeivtitg  the  records  and  making  current-meter  disebar^  nieasuiv^ 
antaattbat  p<»irit.  The  ga^  recently  put  in  and  naw  used  mmi 
on  Iha  aame  datum  ais  the  old  wire  guge  of  the  United  States  Geolog- 
kal  $i]nre}%  eatabliabed  at  that  point  by  Mr,  Babb  in  18115,  and  abd!^ 
referral  to,  but  i»  a  rertiealt  timber,  rod,  3.25  lucbe^  by  6  inehe??  by  ^ 
feet,  liolted  with  five  iron  bolts  to  tbe  east  side  of  the  center  pier  of  th<? 
8oailiern  Railway  bridge.  It  is  well  painted  and  t^  grad  uaU^l  into  feet 
with  hf^m  figures  and  into  tenths  with  copper  nalb^  from  ^1.5  fet^t 
to  +^^*K  5  feet,  gpflking  ita  total  length  2S  feet.  Its  zero  point  b  753.^ 
feet  above  aea  level.  Bench  mark  Xo*  1  is  a  railroftd  spike  in  cMjpn^r 
of  pier,  right  bank,  12.30  feet  above  datum  of  gage.  Bench  mark  No. 
2  m  top  fif  downstream  iron  girder  under  eross-ties,  23  feet  fiT^m  west 
c*nd  of  bridge,  and  la  54.75  feet  Alwj%*e  pige  fhitum.  Tlie  llow  h 
olifttrueted  by  raft.s,  which  have  to  Ix'^i^eiired  from  th^M'haourl  ur^jHSUHi- 
ally.  Thi*  chiinuel  \h  st might  and  tho  current  8wift.  The  banks  nn^ 
Kubjcet  l*j  f^verflow.  The  txid  of  tht?  stream  is  eonstant  ami  the  ^usulI^ 
oiftaitied  fairly  gtKxl.  All  discharge  mpaHurcmeiitsS  made  in  ISiVJai^ 
referred  t^j  the  upper  gage  at  the  railroad  bridge.  The  i\*ftults  f^f 
Tnt*a-snrcM(nMjr.s  may  lie  found  hh  follows:  l^W,  Kiuditn^ntli  Aninml 
Kcpoil,  Part  IV,  pa^e  H5;  18^i7,  Ninetf'enth  Annual  Report,  Part  IV, 
page  3:jr.;  isi*B,  Twi*nlieth  Annual  Report,  Part  IV,  jnv^i^  18i\  The 
foHMwing  measurements*  were  made  during  IH'jn  by  Ih  M.  Mall  iinJ 
ajiHlHtatdH: 

Mefimt mm' n  ta  af  Ctia  f iahoacfwfi  Hi n t  at  fM ktift /r .  Wronji^t. 


Date. 


Manh  II.... 

Miiv  1    

Mh>  :i»l 

.luno  14 


Gage 
lieiKht. 


Feet. 

4.:«> 
:).  m 

2'M 
3.93 


Di.scharge. 


Sec. -feet. 
4.397 
3.452 
2,078 

4,788 


Datf. 


September  9. 
OctoVwr  0  . . . 
October  17  .. 
November  IH 


lUM-ht.     ^^" 


hWt. 

\  :ii 

.t>7 

.'A 


hiirco 


r.-f.-,t, 

I.l.')'! 
I.(K5 


A  numbcM*  of  miscellaneous  discharjijo  measurements  were   uuuh' 
on  tribiitnr'wH  of  Chattjihoochee  W\vi*Y\>y  V\.  M.  Hall  and  his  assist- 
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its  during  18!K).  They  are  as  follows,  arranged  in  geographic 
■der  from  the  headstream  down:  Three  measurements  of  Soquee 
iver  were  made  at  Porter  Mills,  near  Clarksville,  Georgia.  The 
rst,  on  May  29,  showed  a  discharge  of  342  second-feet;  the  second, 
1  Juue  7,  gave  a  discharge  of  239  second-feet;  the  tliird,  on  June  10, 
ive  a  discharge  of  231  second-fei^t.  The  measurement  of  Hazel 
reek,  below  the  ford  between  Demorest  and  Porter  Mills,  on  June 
),  showed  a  discharge  of  03  second-feet.  Two  measurements  were 
ade  on  Chattahoochee  River  at  Shallow  Ford  bridge,  near  Gaines- 
lle,  Georgia,  5  miles  above  the  mouth  of  C'liestatee  River.  The 
•St,  on  June  22,  at  a  gage  height  of  1.30  feet,  showed  a  discharge  of 
•3  second-feet;  the  second,  on  October  10,  at  a  gage  height  of  0.95 
ot,  showed  a  discharge  of  013  second-feet.  Chestatee  River  at  New- 
•idge  post-office,  Georgia,  was  discharging  354  second-feet  on  July 
•.  Chattiihoochee  River  at  Barkers  Ferry,  near  Buford,  Georgia, 
AS  carrying  782  second-feet  on  November  17.  Sweetw^ater  Creek 
it-ers  tlie  Chattahoochee  10  miles  below  Oakdale,  Georgia.  Three 
easui^ements  of  its  discharge  were  made  at  the  Strickland  bridge 
*ar  Austell.  The  fii*8t  measurement,  on  April  19,  gage  height,  3.20, 
lowed  a  discharge  of  402  second-feet ;  the  second,  on  June  24,  gage 
jight,  1.1  feet,  gave  a  discharge  of  242  second-feet.  The  third  meas- 
■ement,  on  October  24,  gave  a  discharge  of  108  second-feet.  The 
ree  following  measurements  were  made  of  Chattahoochee  River, 
'tween  Oakdale  and  West  Point:  October  3,  at  Moodys  bridge, 
I  the  Owensbyville  wagon  road,  at  a  gage  height  of  0.0  feet,  the  dis- 
large  was  1,105  second-feet;  on  October  4  the  river  at  Franklin, 
eorgia,  about  40  miles  alx)ve  West  Point,  at  a  gage  height  of  —0.70 
ot,  showed  a  discharge  of  1,104  second-feet;  on  November  4  this 
\rer  at  McGees  bridge,  about  20  miles  above  West  Point,  Georgia, 
a  gage  height  of  0.40  foot,  was  carrying  1,070  second-feet. 
Yellow  Jacket  Creek,  at  its  mouth  just  abovc^  McGees  bridge,  was 
scharging  77  second-feet  on  November  4. 


lily  g<Jtge  height ^  in  feet,  of  ('liaitahoiKliee  River  at  Oakdale,  Georgia,  for  IS99. 
LOWER  GAOE  AT  MASON  &  TURNER'S  FERRY,  (a) 


Day. 


;j. 

4. 

6. 

6 

7. 

8. 

». 
10. 
11. 
12. 
13. 
14. 
16. 
16 


.Tan.      Fob. 


4. 7.') 
a.  «J 
3.441 
a.  10 
3.75 
G.75 
0.10 
5.25 
4.70 
6.90 
4.75 
4.25 
4.50 
5.50 

4.yo 


5. 10 
4..V 
5.  SO 
4.»0 
6.50 
10.  (JO 
16.00 
21.50 
13.40 
9.50 
6.40 
5.50 
4.90 
4.10 
4.00 
5.00 


Mar. 


9.80 
6.86 
6.17 
5.90 
K.IO 
8.50 
6.40 
5.90 
5.50 
5.'^) 
5.10 
5.ntJ 
4.«» 
6.25 
10.  U) 
21.50 


Apr. 


13.00 
7. 75 
6.5r) 
7.75 
6.50 
5.90 
6.50 
7.75 
7.50 
7.10 
6.  MO 
5.76 
5.25 
5.20 
5.10 
5.U0 


May 


4.70 
4.45 
4.40 
4.:)5 
4.50 
5.10 
4.60 
4.35 
4.25 
4.10 
4.  (JO 
3.95 
3.90 
3.85 
3.M) 
3.70 


Day. 


18. 
19 
20 
21. 
22., 

;  z\. 

i24.. 
,25.. 
I  36-. 

27. 

28. 

29.. 

30  . 

31. 


Jan. 


4.75 
4.50 
4.10 
3.90 
3. 75 
3.60 
3.90 
4.25 
4.10 
4.2) 
3.70 
3.45 
8.25 
8.50 
4.65 


Feb. 

Mar. 

Apr. 

May. 

7.25 

24.25 

5.25 

3.60 

6.10 

11.00 

4.95 

3.50 

5.60 

10.50 

5.00 

3.55 

4.90 

15.00 

4.95 

3.60 

5.25 

8.75 

4.85 

3.45 

5.20 

7.25 

4.65 

5.50 

5.00 

9.50 

4.75 

3.60 

4.90 

9.00 

4.95 

3.50 

4.6(» 

6.50 

7.25 

3.35 

10. 2;^ 

7.10 

8.00 

3.25 

22.13 

6.20 

6.25 

3.15 

18.88 

6.10 

5.25 

3.10 

7.90 

5.(U 

aso 

6.45 

4.80 

6.10 

12.30 

8.40 

\ 

\ 

\ 

aI>l8ooDtiziued  May  3L 


r 
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OPEHJITIONS  AT   UVnm  STATlOSg^  UMl — PART   H*         l»t* 
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CHATTAHOOCHEE   EJVER  AT  WEST   POINT,  OEOR01A, 

Thm  BtHtion  waa  eiitabU^hed  Ju]y  3<l,  1891^  by  Max  HjtU,  and  isftt 
th#*  highway  bridge  in  Weal  Pointy  Geoi^ia^  about  1,200  feet  abo^e 
the  rHilroail  paB£§6nger  tttatiati.  A  wire  gBge  i?^  suspended  from  the 
bridge  and  referred  to  four  l>eiich  marks.  First  bench  mark,  down- 
0tr^am  end,  tx>p  of  first  iron-floor  beatn  from  the  west  l>ank  pier  of 
blghway  bridge,  elevation  24.01  feet  above  datum  ^  second  bench 
niarkf  downntroain  end,  t>op  of  i^teeond  ii'oii-floor  beam  from  west  bauk 
pier  of  tho  highway  bridge,  elevation  24.19  feet  at>ove  datum;  third 
bench  mark,  top  of  wecond  stone  pier,  Atlanta  and  West  Point  Rail- 
road bridge,  1,000  feet  upstream,  elevation  24.65  feel;  fourth  bench 
mark,  notch  in  large  oak  tree,  east  bank  of  river,  loO  feet  above 
wagon  bridge,  elevation  19.20  feet.  The  length  of  the  wire  gage  is 
33.40  feel.  The  gage  was  last  verified  March  14,  1899.  The  channel 
is  straight  and  without  obstructions,  except  from  the  piers  of  the 
bridge.  The  flow  is  sluggish  in  low  stages  of  water.  The  banks 
overflow  at  high  water,  but  all  ordinary  stages  of  water  pass  through 
the  main  channel.  The  bed  of  the  stream  is  fairly  constant.  The 
observer  is  C.  P.  Jennings,  a  clerk  in  the  Atlanta  and  West  Point 
freight  depot.  He  is  paid  by  the  United  Slates  Weather  Bureau. 
The  results  of  measurements  at  West  Point  may  be  found  as  follows: 
1890,  Eighteenth  Annual  Report,  Part  IV,  page  92;  1897,  Nineteenth 
Annual  Report,  Part  IV,  page  239;  1898,  Twentieth  Annual  Report, 
Part  IV,  page  183.  The  following  measurements  were  made  by  B.  M. 
Ilall  and  his  assistants  during  1899: 

March  14,  gage  height,  5.30  feet;  discharge,  8,726  second-feet. 
April  24,  gage  height,  4.72  feet;  discharge,  7,144  second-feet. 
May  13,  gage  height,  3.80  feet;  discharge,  4,828  second- feet. 
June  26,  gage  height,  3.06  feet;  discharge,  3,234  second-feet. 
September  12,  gage  height,  3.10  feet;  discharge,  3,689  second-feet. 
October  18,  gage  height,  2.07  feet;  discharge,  2,088  second-feet. 
December  i6,  ^age  height,  3.49  feet;  discharge,  4.111  second-feat 
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I  Qoge  height,  in  feet,  of  Chattahoochee  River  at  West  Point,  Georgia,  for  1899. 
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gtation  has  been  maintained  by  the  United  States  Weather  Bureau 
ufaula,  Alabama,  80  miles  below  West  Point.  The  rod  is  attached 
le  west  side  of  brick  pier  of  wagon  bridge.  The  top  of  brick  f  oun- 
on  of  pier  on  west  bank  is  48.5  feet  above  gage  datum.  The 
uage  area  above  this  point  is  reported  to  be  6,900  square  miles. 

ETOWAH   RIVER   AT  CANTON,  GEORGIA. 

he  headwaters  of  this  stream  adjoin  those  of  Chattahoochee  River 
the  east,  and  the  headwater  tributaries  of  Coosawattee  River  on 
west.  Its  drainage  aiva  is  on  the  southern  slope  of  the  Blue 
ge  Mountains,  and  it  flows  westerly  into  the  Gulf  drainage.  A 
aber  of  fine  water  powers  occur  throughout  its  length,  the  one  at 
tersville,  where  it  crosses  the  western  fall  line,  being  especially 
ad.  This  river  joins  the  Oostanaula  at  Rome,  Georgia,  to  form 
isa  River.  Its  drainage  basin  is  mapped  on  the  following  atlas 
ets:  EUijay,  Cartersville,  and  Suwanee.  The  gaging  station  was 
iblished  by  the  United  States  Weather  Bureau  March  1l>,  1802.  It 
XJate<i  at  the  iron  highway  bridge  over  the  Etowah  River,  about 
K)  feet  north  of  and  upstream  from  the  Atlanta,  Knoxville  and 
•them  Railway  station,  Canton,  Georgia,  and  about  one-half  a 
e  above  the  mouth  of  Canton  Creek.  The  bench  mark  is  the  top 
)ne  of  the  four  pieces  of  track  iron  which  forms  a  cap  on  the  left 
r,  apstream  side,  and  on  which  the  bridge  rests,  and  is  at  an  eleva- 
1  of  23.30  feet  above  datum.     Up  to  about  14  feet  the  river  is  oon- 
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Inact  betweeD  iU  ImnkH,  but  above  thin  atuge  the  river  liegins  to 
JDverfiow  the  bottom  lands.     The  reimrts  of  diwcUargo  mejisurementfl 

Imre  found  as  f(»llows:  1896,  Eighteenth  Annual  Report,  Part  IV,  page 
flS;  1897,  Nineteenth  Annual  Report,  Part  lY,  pajare  242;  189$,  Tweo- 
flieth  Annual  Report,  Part  TV,  page  189.  The  following  measure- 
ments  were  made  by  B.  >L  Hall  and  his  iLsstst^ntB  in  1899: 

April  37,  gage  height,  l*ft3  feet;  discbarge,  %Q81  second-feet- 
June  30 »  gage  height^  0»25  foot:  discbarge,  770  SBcond-feet. 
September  27 ^  gage  height.  —0,10  foot;  discbarge,  406  secotid-feet 
Noveiubor  10^  gage  beigbt,  — O.IO  foot:  dij^barge,  430  second- feet, 

I     Long  Swamp  Creek  enters  Etowah  River  VS  miles  above  Canton^ 

1  Georgia.     On  April  21  it  way  ir»ea.Hurt*d  at  Revis  Bridge,  near  Ball- 

rground,  Georgia,  and  showed  a  discharge  of  188  ssecond-feet.     Four- 

i-tnila  Creek^  a  tributary  of  Long  Swamp  Creek,  was  measured  April  '21 

inearBallgroiind,  Georgia,  and  showed  a  dischaigeof  20  seeond*feet 

Sharp  Mountain  C'ret^k  enters  the  Etowah  84  miles  above  CaDtoQ. 

On  November  10  a  measurement  of  this  sti^eam,  mmle  by  B,  M.  Hall 

mear  Ballground,  Georgia,  showed  a  diaeharge  of  31  seeond-feeL 

I         Daiiu  ga^^  ht*ight,  iri  /t?r*i,  of  Etowah  Rit-^er  nt  fJantmi^  Geor^ia^  for  iSS9, 
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COOSAWATTEE   RIVER   AT   CARTERS,  (JEORniA. 

This  river  is  formed  by  the  junction  of  Ellijay  and  Carteeay  rivers 
at  Ellijay,  Georgia,  and  flows  in  a  southwesterly  direction,  joining 
the  Con;ksauga  to  form  the  Oostanaula.     Its  drainaj^^e  area  is  for  the 
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most  part  mountainous  and  covered  with  forest  growth.  The  station 
was  established  August  15,  18%,  at  the  iron  highway  bridge  at  Car- 
ters, Murray  County,  Georgia,  about  20  miles  northeast  of  Calhoun, 
the  most  convenient  railroad  station.  It  is  described  in  the  Eight- 
eenth Annual  Report,  Part  IV, page  06.  ('arters  is  the  head  of  navi- 
gation, small  boats  running  to  Rome,  Georgia,  and  the  Coosa  River 
below.  It  is  at  the  foot  of  the  great  shoals  made  by  thLs  stn^am  in 
cutting  through  the  Cohutta  Mountains,  the  last  of  which  is  Carters 
Shoals,  a  short  distance  above  the  bridge,  with  a  fall  of  50  feet.  The 
drainage  area  above  this  point  is  532  sciuaro  miles,  of  which  150 
square  miles  is  on  tlie  Talking  R<K*k  Cn^k,  which  enters  the  river 
one-half  mile  al)ove.  The  l)asin  is  mapixnl  on  Dalton,  Ellijay,  Car- 
tersville,  and  Suwanee  athis  sheets.  The  length  of  the  wire  gJige  is 
37.24  feet.  The  top  of  tlie  cylindrical  iron  pier  at  the  right-l>ank 
downstream  corner  of  bridge  is  30.35  feet  above  gage  datum.  The 
gage  was  last  verified  in  August,  180S.  The  current  is  swift,  but  is 
broken  by  a  gravel  bar  alK)ve  the  section.  The  l)ed  is  gravelly  and 
not  apt  to  change.  The  banks  an*  high,  but  occ^jisionally  overflow  in 
high  water.  The  observer,  II.  S.  Weems,  merchant  at  Carters, 
Greorgia,  gives  his  services  to  the  Survey  without  compensation. 
Records  of  measurement  may  be  found  as  follows:  1896  and  1807, 
Nineteenth  Annual  Report,  Part  IV,  page  244;  1898,  Twentieth 
Annual  Report,  Part  IV,  page  191.  The  following  measurements 
were  made  by  O.  P.  Hall  and  Max  Hall  in  1899: 

January  28,  gage  height,  2.14  feet;  discharge,  868  second-feet. 
March  14,  gage  height,  8.d5  feet;  discharge,  5,240  second-feet. 
March  14,  gage  height,  7.70  feet;  discharge,  4,682  second-feet. 
May  26,  gage  height,  2.35  feet;  discharge,  906  second-feet. 
Jane  22,  gage  height,  1.75  feet:  discharge,  653  second-feet. 
October  19,  gage  height.  1.10  feet;  discharge,  377  second-feet. 

A  number  of  measurements  of  the  tributaries  of  Coosawattee 
River  have  l>een  made  during  the  past  season.  Ellijay  River,  at  the 
wagon  bridge  near  Ellijay,  Georgia,  was  measured  on  Octol)er  13,  and 
showed  a  discharge  of  80  seeond-feet.  Talking  Rock  Creek,  which 
enters  Coosawattee  River  just  above  Carters  Station,  wjts  measured 
twieo  during  the  year,  the  first  time  on  May  2*),  when  the  discharge 
was  144  second-feet,  and  the  se(*ond  time  on  June  22,  when  the  dis- 
charge was  114  second-feet.  April  22  Scared  Corn  Creek,  a  tributary 
of  Talking  Rock  Cn»ek,  was  discharging  32  sec(md-feet.  Sallacoa 
Oeek,  which  enters  Coosawattee  River  from  the  south  1  mile  above 
Fields  Mill  Ferry,  was  measured  on  May  20,  when  the  discharge  was 
found  to  be  103  second-feet.  Coosawattee  River  itself  at  Fields  Mill 
Ferry,  5^  miles  al>ove  its  junction  with  the  Conasauga,  was  measured 
October  14,  showing  a  discharge  of  388  second-feet. 
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Daily  gttge  haiifhi,  in  fmt^  of  Coosaicatie^  RitJer  at  Carters,  Ge&rgia^  for  IS$». 
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OOBTANAULA   RIVER    AT   REBACA,  GEORGIA, 

ThiR  river  is  f finned  about  3  miles  above  Resaea  by  the  jonetioii 
of  OoosawatU^e  and  Couasaiiga  rivers,  the  former  having  a  drainage 
area  of  875  and  the  latter  ('48  square  miles,  while  there  are  4  square 
miles  between  tlie  junction  and  Resaca.  This  gives  a  total  drainage 
area  of  1,527  s<iuare  miles,  mapped  on  atlas  sheets  Cleveland,  EUijay, 
Dalton,  Cartersville,  and  Snwanee.  The  station  is  at  the  iron  rail- 
road bridge  of  the  Western  and  Atlantic  Railroad,  in  the  town  of 
Resaca,  Georgia,  1,000  feet  from  the  depot.  On  July  27,  1896,  a 
discharge  measurement  was  made  by  Max  Hall,  and  a  station  estal> 
lished  using  the  Weather  Bureau  gage.  On  August  10  a  wire  gage 
was  established  and  referred  to  the  same  datum.  The  initial  point  1;^ 
the  right  bank  end  iron  of  bridge,  downstream  side.  The  length  of 
the  wire  gage  is  43.40  feet.  The  first  ])t»nch  mark  is  on  the  top  of 
capstone  of  center  pier,  at  an  elevation  of  36.12  feet;  the  second  is 
the  top  of  crosstie  near  center,  at  an  elevation  of  40.12  feet.  The 
channel  is  straight  and  tin*  current  fairly  swift.  The  bed  is  soft  ami 
liable  to  change:  the  banks  somewhat  subject  to  overflow.  The 
observer  is  S.  M.  Barnett,  railroad  agent  at  station,  who  is  also  the 
observer  for  the  Weather  Bureau.  Recoixls  of  measurement  may 
be  found  as  follows:  1896,  Eighteenth  Annual  Report,  Part  IV,  page 
98;  1897,  Nineteenth  Annual  Report,  Part  IV,  page  245;   1898,  Twen- 
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ieth  Annual  Report,  Part  IV,  page  190.     The  following  measurements 
rero  made  by  Olin  P.  Hall  and  Max  Hall  during  1890: 

April  36,  gage  height,  8.05  feet;  discharge.  5,146  second-feet. 
May  30,  gage  height,  4.15  feet;  discharge,  1,671  second-feet. 
Jane  9,  gage  height.  3.10  feet:  discharge.  1.171  second- feet. 
Jane  31,  gage  height,  3.05  feet;  discharge,  1,087  second- feet. 
October  14.  gage  height.  1.75  feet:  discharge,  644  second-feet. 

Three  measurements  of  the  discharge  of  Conasauga  River  at  Files 
♦'erry,  34^  miles  above  its  mouth,  were  iiiiule  during  the  season.  Tlie 
irst,  on  June  0,  gave  a  discharge  of  224  second-feet;  second,  on  June 
fl,  iiave  a  discharge  of  25f<  second-feet,  and  tlie  third,  on  October  14, 
^ave  a  discharge  of  122  second-feet. 

"kiily  gage  height,  in  feet^  nf  (htstaiinnl  •   Jiirt>r  at  Jiesara,  Georgia,  for  JS99  (a). 
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n  No  records  from  May  1  to  October  31. 
MEASUREMENTS   OF   LAR(iE   SPRIN<iS   IN   NORTHWEST   GEOROIA. 

In  the  basin  of  Sallacoa  Creek,  a  tributary  of  Coosa wattee  River, 
md  in  the  a<ljoining  basin  of  Oothkalooga  ('reek,  are  a  number  of 
arge  springs  which  were  measured  ]>y  Olin  P.  Hall  in  1899.  On  May 
;0  Dooley  Spring,  3  miles  south  of  Fairmount,  (Georgia,  gave  a  dis- 
iharge  of  0.92  second-fool;  Doves  Mill  Spring,  near  Cash,  Georgia, 
6.2  second  -  feet ;  Bakers  Mill  Spring,  o  miles  south  of  Fainnonnt, 
Georgia,  3.9  second-feet.  June  24  a  number  of  .springs  in  the  basin 
►f  Sallacoa  Cn»ek  showed  discharges  as  follows:  Colima  Spring,  near 
Jolima,  Georgia,  0.28  si^cond-f(K>t ;  Arnold  Spring,  1  mile  south  of 
;^lima,  0.38  s<H»x)nd-foot ;  J.  R.  Byrd's  spring,  2^  miles  northwest  of 
•'airmount,  (Tcorgia,  0.47  second-foot;  R.  W.  Lander's  spring,  3  miles 
'ast  of  Pinelog,  Georgia,  4.27  second-feet;  J.  A.  Johnson's  spring,  2i 
niles  east  of  Pinelog,  Georgia,  0.48  second-foot;  Oakhill  Church 
>pring,  2^  miles  east  of  Pinelog,  (Georgia,  1.85  second-feet. 

The  five  following  springs  occur  in  the  basin  of  Oothkalooga  Creek, 
ehich  enters  Oostanaula  River  1  mile  l)elow  Calhoun.  On  Jnne  26 
heir  discharge  was  measured  and  found  to  be  as  follows-  Hayte 
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Spring,  at  Folsonij  Geurgia,  <'.*J5  set^autl^fcMJl ;  Cetla-r  Spring,  at  Most- 
tetters  Mill,  1\  mllcss  wei^t  of  Folwjin,  4,45  st>coiid-Ceet;  Trimble  Spring, 
2  rnile^  nortli  of  A^luirsville,  Oeorgia,  2,35  tit^condrftiot;  Garflners 
Sprinjir,  r>  ruilaH  north  of  Adairjiville,  0.41  £fC€and-ftx>t;  Blackwood 
spring,  5  mWen  »uutliea«t  uf  Oallioiifu  Georgia,  LOO  s«?ooiid-f<Kit, 

COOSA   RIVER   AT    ROME.  UKORGIA. 

Voom  River  ib  fanned  hy  the  jtHietioii  of  K  to  wall  and  OuhUuiiuI}* 
rivf^rs  at  Romo,   Georgia,     The  drain f^e  area  i«  3,720  square  mik^. 
Both  of  the  tribut-ary  rivers  rise  in  the  northern  part  of  Georgia  mul 
•flow  for  the  moKt  part  throngh  a  hill>%  broken  country,  well  woodt^I, 
»b<Hit  onp* fourth  of  the  land  Ijeiug  under  cuiltivation.     The  Cottst^ 
River  flows  in  a  south weslerl}  direction   into  Alalmtna  and  joins  (]n? 
TallajMHisa  0  iniles  ab^ive  Montgomery,  Alabama,  io  form  AlalmtnA 
River,     Measurements  of  flow  are  niado  at  Rome  anil  at  Rjversi^k, 
120  miles  farther  down^itream,  and  M^ill  Iw  made  in  19vh>  jit  Mont^otii- 
ery  nnd  Selma*     The  measnrcnnent*  at  Rome  are  made  <>n  the  Oosta- 
naula  anil  Etowah  just  above  their  jn  net  ion.     Ktowah  Rivnr  la  meiis- 
nro<l  at  Seeoud  avenue  bridge  and  the  GosUuiaula  at  Fifth  avenue 
bridge  in  Rome,  and  X\u*  results  added  to  give  the  flow  of  Cooj^v  River. 
The  gage  height  is  t*iiken  from  the  United  States^  Weather  Burean  gage 
at  Fifth  avenue  bridge,  on  the  OOistanaula-     There  is  prat^tieally  no 
fall  on  Oostanaula  River  from  Fifth  avenue  bridge  to  the  junetimi, 
henee  the  gage  iw  used  as  Coosii  River  gage  and  gives  the  fluetUHtimi* 
of  Coosa  River.     Thm  gage  is  a  4  by  G  inch  timber^  graduated  to  fi^i 
and  tenths  an<l   fiustem^d   to  the  dowustreiiui  leftdirind  corner  <if  (lie 
first  pier  from   llii^   left  bank.     Tlie  ^ero  uf  ga^e  is  575. 7U  feet  atwrn? 
sea  level.     Thr  ruited  Stat^^w  Weather  Bureau  has  maintained  the 
station  here  for  uiuny  ;\  earw.      It  Ls  now  iiiitiiiluined  uidy  as  u  half  yeflf 
station,  from  Noveml>er  1  to  April  .'3(),  inclusive,  but  W.  M.  Towers, 
the  river  observer,  kindly  reads  the  gage  and  furnishes  the  Survey 
with  monthly  reports  of  tlu?  daily  gage  lieights  for  the  entire  year 
without  charge.     Mr.  Towers  lias  kept  the  records  for  many  yeai*s  ami 
has  predicted  floixls  with  great  precision.     The  channel  of  the  Etowab 
is  straight,  current   swift  and   unobstructed,  but  the  Oostauaiila  i^ 
rather  sluggish  and  somewhat,  obstructed  by  piers.     Tlie  banks  art* 
high,  but  liable  to  overflow  in  times  of  high  water.      Records  of  meas- 
urements may  be  found  as  follows:  181)7,  Nineteentli  Annual  Report 
Part  IV,  page  11)8;  181)8,  Twentieth  Annual  Report,   l^arl  IV,  pagt' 
184.     The  following  measurements  have  been  nmde  by  Max  llall  aii'^ 
othei-s  during  1891): 

January  25,  gage  height,  3.80  feet;  discharge,  0,510  second-feet. 
January  25,  gage  height,  3.60  feet;  discharge,  5,932  second-feet. 
May  19,  gage  height,  2.75  feet;  discharge,  4,394  second-feet. 
June  16,  gage  height,  2.40  feet;  discharge,  3,352  second-feet. 
August  4,  gage  height,  1.45  feet:  discharge.  2,835  second-feet. 
October  13,  gage  height,  0.60  foot-,  discharge,  1,769  second-feet. 
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Lkiily  gtige  height^  in  feet,  of  Cooitd  River  at  Rome,  Georgiti,  for  Is:*:*, 
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8.20 

3.5l» 

2.00 

1.90 

1.50 

1.31) 

..50 

.4 

l.C» 

7 

;j.ta) 

27.80 

8.00, 

8.30 

3.7t> 

2.0») 

1.90 

1.60  . 

1.2l» 

.70 

.;) 

.9 

h 

5.i«» 

24.00 

6.80 

15.  a)  1 

3.70 

1.9i) 

3.0(» 

1.50 

1.00 

.70 

.3 

.s 

9 

5.W> 

22.4<» 

5.70  : 

13.40  1 

3.00 

1.80 

2.10 

1.80 

1.00  I 

.80 

.3 

.8 

10 

4. 90 

21.00 

5.40  i 

11.30  1 

3.»» 

1.80 

1.90 

1.60 

1.00 

.60 

.3 

.8 

11 

4.(li» 

10.  Oil 

5.30 

9.50  1 

3.30 

l.8l» 

2.50 

1.40 

2.90  1 

l.OfJ 

.3 

.8 

li      ... 

4.-10 

1«  50 

4.»» 

7.1)0 

3. 10 

2.30 

2.80 

1.44) 

2.30  i 

.W 

.3 

2.H 

i:i      -. 

4.(10 

7.U) 

4.50 

6.40 

3.  V) 

3.80 

2.00 

1.30 

1.54)' 

.70 

.3 

(;.i 

U     ... 

3.>a» 

.'i.  M) 

6.00 

5.90  i 

3.(N) 

4.00 

1.60 

1.10 

1.00  1 

.70  - 

.4 

.5.0 

!.-» 

;lCii> 

5.  (lo 

16.00  ' 

5.60 

3.00 

3.50 

1.31) 

i.:«) 

.90  1 

.60 

.4 

3.2 

16     ... 

a.  (-.11 

5.  ."ill 

27.70 

5.40 

2.90 

2.  50 

1.80 

1.90 

.84» ; 

.60 

.5 

2.0 

17     ... 

i.iti 

8.90 

29.20  1 

5.30 

2.80 

2.10 

5.2I> 

1.60 

.64)  1 

.4J4> 

.9 

1.8 

is     .. 

4.a» 

9.50 

•^>.80' 

4.80 

2.80 

2.00 

4.30 

1.44) 

.60  1 

.64> 

.7 

1. 7 

1!»     ... 

4.00 

8.50 

21.90  , 

4.70 

2.80 

2.00 

4.80 

1.10 

.tJO   : 

.({0 

..>  ' 

1.3 

3) 

:i.  :«> 

7.70 

2i>.  20  ' 

4.60 

2.80 

2.W) 

8.»l» 

.90 

.70  : 

.60 

.5 

1.6 

21     ... 

:j..'jo 

«.80 

24.  «W 

4.30 

2.60 

1.80 

12.80 

.90 

.70 

.70 

.5 

2.0 

»^> 

:{.a» 

«.90 

2:3.  CO 

4. 10 

2.60  1 

2.30 

7.90 

.80  ' 

.64) 

.70 

.4 

2.0 

•Si     ... 

;j.  i(» 

7.30 

22.60 

4.  (10 

2.44>' 

1.7<) 

t.80 

.84) 

.60 

.til) 

1.0   : 

1.8 

24 

•A.'^) 

«.  m 

'Zl.m 

5  40 

2  60 

1.70 

3.90 

.70 

.-,4) 

..50 

2.1  ' 

7.2 

25  .... 

3.80 

5. 80 

18.  (JO 

7.40 

2.  .50 

1.70 

2.  (to 

.70 

.ill) 

.40 

1.5 

7.5 

»i 

Ij.SO 

5. 50 

10.  .50 

9. 10  . 

2  4(» 

\.7U 

2.WI 

.70 

..'il» 

.«) 

2.5 

5.0 

"T 

;i.:jo 

19. 1(» 

7.70 

6.70  , 

2.20 

2. 10 

3.80 

2.54» 

..50 

.44) 

3.0 

3.5 

28  :::: 

3.00 

2:J.44) 

6.80 

5.50 

2. -I* 

1.90 

3. 00 

2. 54) 

.»K) 

.44> 

M    •> 

3.0 

29 

3.00 



8.8<l 

I.HI. 

2.00 

1.9I> 

2.40 

2. 54) 

..V) 

.40 

\.9  i 

3.0 

:*) 

2.90 

9.:»i 

4.  a) , 

2.0(» 

1.80 

1.40 

2.0t) 

.40  1 

..54> 

1.41 

3.4 

31  ... 

4.40 

10.20 

3. :»» 

1.20 

2  54) 

.80 

1 

2.0 

COOSA   RIVEK   AT   RIVERSIDE,  ALABAMA. 

This  station,  descrilxMl  in  the  Eighteentli  Annual  Rejwrt,  Part  IV, 
[>agc  99,  was  established  September  25,  1896,  at  the  bridge  of  the 
Southern  Railway  across  Coasa  River  near  Riverside,  Alabama.  The 
drainage  area  is  6,850  square  miles.  It  is  mai)i>ed  on  tlie  SpringvilU*, 
Anniston,  Gadsden,  Fort  Payne,  Rome,  Tallapoosa,  Marietta,  C-artei*s- 
ville,  Suwanee,  Ellijay,  Dalton,  Cleveland,  Ringgold,  and  Stevenson 
atlas  shiH^ts.  The  town  of  Riverside  is  on  the  west  bank  of  the  river, 
and  the  railroad  station  is  1,00()  feet  west  of  the  bridge  at  which  the 
measurements  are  made.  The  hMigth  of  tlie  gage  wire  is  ;]8.:J5  fet^t. 
The  first  Ixmch  mark  is  the  top  capstone  on  the  large  circular  c4Miter 
pier  of  turn-span,  the  elevation  of  which  is  20.80  feet  above  gage 
datum;  second  IkmicIi  mark  is  base  of  rail  near  same  pier,  and  is  32.80 
f<'et  above  gag^Mlatum.  The  cliannel  is  straight,  current  swift,  but 
8'>mewhat  olxstructed  by  a  ledg4*  of  rock  under  water  about  3()0  feet 
ftWe  th«*  station.  The  observer  is  J.  W.  Foster,  Rivei*side,  Alabama. 
The  reconls  of  measun*inent  may  Ik»  found  as  f4)ll4)ws:  189(5,  Kight- 
^nth  Annual  Report,  Part  IV^',  page  101;  1897,  Nineteenth  Annual 
Report,  Part  IV,  imge  248;  1898,  Twentieth  Annual  Report,  Part.  IV, 
PHge  187.  The  following  measurements  were  ma<l<^  by  Max  Uall  and 
others  during  189!^ 

April  26.  gage  height,  9.00  feet;  discharge,  20,069  sei-ond-feet. 
^y  3,  gage  height,  4.05  feet;  discharge,  10,592  second-feet, 
^y  20,  gage  height,  2.70  feet;  discharge,  6,276  second-feet. 
Jane  14,  gage  height,  3.20  feet;  diacharge,  5,010  second-feet, 
IRB3C 4 
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Angmt  36,  gagfs  height,  L42  feott  (lii»har^,  $,79!  second- fi^i. 
September  3:{,  gage  height,  t.OO  fijot;  di^^ha^f;&,  3^457  ^ec-ond-fi-^^t 
November  7.  gage  !ii.4ght,0,Mri  foijt;  discharge,  2,271  seeond-fei't 
December  9,  gm^  height,  1,20  feet;  ili^harge,  3^737  s©ooDd-foet. 

Daiiy  gnge  hdght^  in  ftet,  of  C^tO0a,B9ver  at  Mivtrmde,  Aktbiivrui,  for  iit&$. 


D»y, 

Jan. 

p«b. 

Mftr. 

Apr, 

K«if. 

JUTOs. 

July, 

J^uir. 

Sept. 

txst. 

3f»T. 

D« 

1  .... 

fc:::: 
g::::: 

4 

i::::: 

*3..... 

1::::; 

Sft  .... 
K7 

SB...., 

m 

31   .... 

S.7J 

z.m 
«»o 

a5D 
4.^ 

a.iN> 

5.(X» 

fi.a) 
4.7n 

4.90 

1«C» 
4,70 
l.«Q 

400 

a  9(1 

4.UIJ 
1^ 
4.15 
AM 

3. 75 

a,  70 

AlSU 

«.ao 
Lai 

T.W 

p.  10 
liJO 
IIJO 
U.30 
tl.30 
14. 1» 
13,  W 

UOO 
10,  IW 

a  70 

T.UO 
L«0 

AJO 
ft.20 

».oo 

7,86 

«.fw 

ft,  10 

7.m 
8.30 
11.01} 

1£.1UI 
ISLSO 

is.ao 

ills 

&.00 

11.(11 
;.*s 

7J» 
ll.1£ 
5.ao 
6,30 

7.50 

aao 

10,00 
17.40 
iT.fliJ 
10.  SO 

mm 

10,35 
l«.SO 
15  i»0 

15.  TO 
15  CH 
U.»J 
13  35 

11.00 

».oo 

7.00 
H.fiO 

laao 
UK  a» 
10.  ow 

ts 

10  m 

12  00 

11.70 
10.00 
»,»0 
7,00 
0,30 
5.65 
5.25 
1    5,10 
5.00 
+.90 

4.ao 

4.30 
4.75 
5  05 

n.wo 

«^.30 

o.eo 

&.4fi 

Ik  00 

4  50 

4,:d(f 

ii 

4  til 
3.»5 

3.  act 
a  45 

3.80 

3,30 
3,00 
3,00 
'i.1lfi 

t.m 
zm 
±m 

»,75 
1.75 
S.70 
*,7D 
S.«5 
2.00 
S.50 

5  15 
£.35 

«,ao 

£.30 
3.70 

1.T0 

S£,«0 

£J0 

«.oo 

IM 
LW 
1.06 

S.00 
2.15 

3.80 

3,:» 

1    2,50 
3,00 

i,ei» 

L70 
L70 
LtKli 
1.75 

1.00 

1.00 
1.05 
1.70 
L05 

I.  TO 
l.TO 
1.05 

1,00 

l.fio 

1.50 
1.45 
1-40 

l,iO 
l,flO 

1.50 
1.50 
1.40 
1.40 

i.aci 

1.30 
1.30 

i,ao 

urn 

1,50 

1.^ 

l.«0 
3.00 
4.70 

aeo 

3.00 
3.00 
4.30 

5.30 
i,T5 

3.115 

aou 

S.30 
ML  00 
1,00 
1.7& 
L«& 
1  50 
1.60 
1.55 
L55 

1  m» 
i,.w 

1.4fi 
1.50 
1.50 
1.50 
1.55 
1.60 
1,45 
L4fi 
1.85 
1.30 
1,30 
1.30 
1.00 
l.^J 
MO 
I.  SO 
S,10 
3*.  10 

£.30 
£.40 
±80 
£.40 

£.10 
£.00 
l,t£ 
LiO 
1,30 

i,m 

Lm 
s.a> 

£.50 

2.m 

£,00 
1.40 

1.35 

1,00 

i.^ 

1,10 

1,00 

.85 

LOO 

1.00 

1.00 

1.00 

.96 

.06 

.00 

.00 

aio 

.Ml 
.00 
.flO 

;1S 

00 

,oa 

1,30 

t.30 

1.40 

1,30 

LSI 

LW 

LSO 

LWI 

1,00 

.06 

,05 

.90 

.00 

l£ 

LIS 
1.00 
LOO 

.05 
.90 
.05 

0.S5 
.«5 
.95 
.» 

.SIS 
,01) 
,«6 
.R5 

.B6 

.05 
LOO 
LOO 
LOO 
LOO 
LOO 
LOO 
LOO 
.15 
.fl5 

.oa 

M 
LOO 
£.15 

£.« 

%.m 

£.75 

1» 
£.(» 
t» 
L» 

!;S 
1;S, 

1.10 

6.01 
ICO 

a. 75 

IS 

li' 

IS 

COOSA    RIVER    AT    LOCKS    NOS.    4    AND    5,    AL.\BA.MA. 

Tlio  station  at  Lock  No.  4  i.s  loeatt'd  3  miles  above  KivH^i-side,  .\la- 
bama.  Mea^ureiiieiits  here  give  the  (liseharji;'e  past  Rivei-side  except 
the  small  quantity,  about  1  cubic  foot  per  second,  tlowinir  into  the 
Coosa  from  Blue  Spring  Branch.  The  measurements  are  made  from 
the  bridge  of  the  Southern  Railway  at,  Riverside.  A  record  has  been 
kei)t  at  Lock  No.  4  V)y  the  United  States  Engineer  Corps.  The  iii-sl 
section  of  the  vertical  gage  rod  is  fastened  to  the  lower  end  of  th< 
cofferdam,  500  feet  below  tlie  dam  on  the  river.  The  second  sectiol 
is  fjustened  to  a  sycamore  tree,  150  feet  lielow  rod.  The  zero  of  rod  i- 
477.30  feet  above  the  Mobile  datum.  The  bench  mark  is  a  brass  poiii^ 
in  a  stone  post  1,000  feet  uj)  the  river  from  lower  gage,  and  is  510.^- 
feet  above  Mobile  datum. 

The  station  at  Lock  No.  5  is  described  in  the  Eighteenth  Anniit^ 
Report,  Part  IV,  page  101,  and  is  located  one-half  mile  abov<*  the  BiJ^ 
minghaifl  and  Atlantic  Railroad  crossing  and  about  20  miles  Ik^Io'^ 
gaging  station  at  Riverside,  Alabama.  The  gage  is  vertical  in  t\^' 
sections,  fast>ened  to  the  trees  immediately  above  the  binding  o 
Collins  Ferry.  The  zero  of  the  gage  is  460.37  feet  above  Mobile  datiiUi 
Bench  mark  No,  1,  which  is  on  the  tree  to  whicli  one  section  of  the  rod 
is  fntfteuedj  is  471.80  feet  aViove  Mob\k  datum.     Bench  mark  No.  2  ^ 


AT.AflAMA 


151 


Qter  of  iron  plate  at  top  of  cylindrical  pier,  at  right  bank  upstream 
le  of  the  railroad  bridge,  and  is  at  an  elevation  of  493.91  feet 
obile  datum.  Records  of  river  height  are  kept  by  the  United  States 
if^rineer  Corps,  and  are  kindly  furnished  to  the  Sur\"ey.  Measure- 
enl-s  of  discharge  are  not  made  at  either  of  these  stations. 

Daily  gage  height,  in  feet  j  of  Ci>0)ta  /ifijvr,  at  Lock  Xo.  4.  Alabama,  far  1S09, 


Day.      Jan.     Feb. 


Mar.    Apr.     May.   Jane.  July.    Aujj-    Sept. 


1-.-. 

3.0 

7.6 

Q 

3.0 

1. 1 

3 

3.3 

H.>< 

4 

3.5 

8.6 

6 

3.3 

10.7  ; 

6 

3.3 

14. -»  1 

4 

3.W 

15. !»  . 

8 

5.1) 

16.4  j 

9 

5.4 

16.4 

10 

60 

16. 1 

U 

rt.4 

l.V.S  1 

12 

6.»i 

15.5 

13 

6.0 

14.9 

14 

5.J< 

13. 1» 

15 

5.5 

10.6 

16 

5.1 

7.5 

17 

5.4 

7,H 

IH 

5.H 

8.6 

l» 

5.7 

i».6 

ao 

5.4 

9.6 

21 

5.0 

9.1 

22 

4.6 

8.8 

23 

4.3 

9.7 

24 

4.3 

9.3 

25 

4.8 

8.6 

26 

4.9 

7.7 

27 

4.9 

U.2 

28 

4.6 

12.9 

20 

4.8 

ao 

4.0 

31 

I 
14.0 
14.2 
14.2 
13.5 
11.4 

U.5 

9.2 

H.9 

8.3 

7.3 

6.5 

6.1 

5.8 

8.5 

9.4 
ltt.7 
2l».2 
19.1 
18.5  ' 
18.8  I 
18.8 
18.7 
18.4  I 
18.0  i 
17.5 
17.0 
16.7 
15.2 
12.7 

9.5 

9.5 


11.6 
11.7 
11.1 
10.6 

9.8 

8.6 

y.s 

12.8 
14.0 
13.9 
13.2 
11.6 
10.0 
8.1 
7.1 
6.6 
6.2  I 
5.9  ' 
5.7 
5.4 
5.2 
5.1 
5.5 
6.8 
10.6 
10.5 
10.5 
9.8 
8.0 
6.0 


I 


5..) 
5.2 
4.8 
4.6 

4.3  ! 
i.2 
4.1 
4.6 

4.4  I 
4.3 
4.0 
4.0  . 
3.8  , 
3.8  I 
3.3 
3.3 
3.3 
3.0 
3.0 
3.0 
3.0 
2.8 
2.8 
2.7 
2.9 
3.0 
2.7 
2.7 
2.7 
2.4 
3.0 


2.8 
2.9 
2.0 
2.6 

O    4 


2.0 
1.9 
1.9 
1.9 
2.0 
2.0 
2.7  , 

3.7  I 
2.7; 
2  2  ! 

r.9  [ 
2.0 
2.0 
1.8 1 
1.7 
1.7 
1.7 
1.6 . 
1.0 1 

1.5  : 

1.8  I 

1.81 


I 


1.9  I 

1.8  ! 

1.6 

1.5 

1.4 

1.3 

1.3 

1.3 

1.6 

1.8 

l.l 

1.5  I 

1.4  I 

1.3 

1.3 

1.1 

1.1 

1.1 

1.1 

1.6 

1.6 

2.2 

5.6 

5.5 

3.8 

3.4 

3.4 

4.1 

6.3 

5.3 


4.5 
3.3 
2  5  ' 

2!o  I 

1:?! 
1:1 1 

1.4 
1.5 
1.5 
1.6  . 
1.5 
1.4  I 
1.3  ! 
1.4 
1.2 
1.5 
1.9 
1.7 
1.4 
1.2 
1.0 
.9 
1.0 
1.4 
1.0 
1.0 
1.5 
2.1 
2.3 


2.3 

3.2 

2.5 

1.8 

1.4 

1.3 

1.3 

1.2 

1.0 

.9 

1.(1 

2.5 

2.8 

1.8 

1.3 

1.0 

.9 

.8 

.7 

.7 

.6 

.4 

.3 

.8 

.4 

.4 

.4 

.5 

.4 


Oct. 

Nov. 

De^^ 
2.2 

0.4 

0.5 

.4 

.5 

1.9 

.5 

.6 

1.4 

.5 

.6 

1.4 

.5 

.6 

1.4 

.5 

.6 

1.4 

.5 

.6 

1.3 

.5 

.5 

1.1 

.8 

.5 

1.0 

1.1 

.5 

1.0 

1.0 

.5 

1.0 

1.0 

.5 

6.7  - 

1.3 

.5 

9.4 

.8 

.5 

9.8 

.9 

.5 

7.4 

.2 

.6 

5.8 

.3 

.6 

4.3 

.3 

.5 

3.4 

.4 

.4 

2.8 

.4 

.4 

2.4 

.4 

.8 

2.6 

.4 

.6 

8.0 

.4 

.7 

8.0 

.4 

.8 

5.9 

.2 

.8 

7.6 

.6 

2.2 

8.8 

.6 

8.1 

7.8 

.5 

8.4 

6.8 

.6 

ai 

5.4 

.5 

2.8 

4.4 

.5 

3.8 

IkiUy  gage  lieight,  in  feet,  of  Coosa  River  at  Lock  No,  .7,  Alabama,  for  1809, 


rmmk  Biws  at  wKTmrtA,  %i^nAyA- 


MM^  »Dil  WW  estebliilietl  KiiT«mliPr  5,  l.S»-/,  by  ih«  Tnited  ^Ui^ 

iliit#  «ttlfl  Ooetoibtr  31, 199^  wbeii  tlia  «Sallc»i  wm  abaiidoiied.  TI^ 
^  ben*  *r©  #ffr**l«»iJ  hv  rpork^^tt^r  fn>iii  TaUapcxisi  Khrr  At 
t  of  Ibe  briber  9lr«»iii>  ^>  Ih^  Ibe  PM!ord  does  not  sbow  tin? 
Oorw  c»f  CooM  River,  Dtaebana^e  mcttstireiii^ntB  emu  not  be  nuide 
ml  Xh**  Wf*tTimpka  bridcn^  mm  it  is  tcicfiteil  directljr  over  a  sboaL 
llbcimr^  mf^AJiun^iaeiitKirill  lie  nmik^  next  y«ar  at  MontgomeiT,  W 
miliM  helciw  W0litmpl(»,  iMit  bi^lciw  thf"  siootb  of  TalLapoDSH  River, 
atifi  »r  S#*!tim,  13  wila*  liebjw  MiHiJgomen-,  At  bat  b  of  whieh  paints 
Wciaber  BorKtia  Htiitlffiifl  itre  iiu*iiii.altietl. 

• 

r^  TMX.iy>«^Mjl   mVER  AT  MTLSTEAD,    ALABAMA, 

TalJjipcMJiui  Rj ver  riiieti  in  the  west-central  part  of  Georgia  and  fla^i 
in  a  fMiuthwr*!iEVeHy  direction  toto  Alabftmai,  where  it  joln^^  ttie  Coosa^ 
to  form  Ab^JAitia  Hiver,  0  miles  above  Moet^mery^  Alabama.  Its 
apfier  tribtitariesi  dniiii  an  area  between  the  Chattahoocbea  and  Coosa 
haHia««.  At  TaHaaitee,  Alabama,  it  eroases  the  sou  thorn  fall  line.  The 
nlumU  ai  thJH  pla<?e  have  a  fall  of  6li  feetj  forming  an  obstroctiott  td 
navigation.  The  drainage^  area  is  largely  wooded,  with  cultivated 
rK"l<l?^Hl  Tihftrl  inf^^rviils.  A  ;j:a|?m^ station  wasestablishcM.!  ar  MiUlea4 
nn  Atiirusl  7,  i^v!i7,  at  lh<^  brid^f*  <}f  Xhv  TaMass<*e  ami  MtJiitiromery 
Haihvfiy,  hIkmiI  oih'- fourth  of  »  mile  from  Milslead,  Alabama,  The 
hriflts'*'  is  nf  iriMi^  fwn  Hpans  of  about  155  feet  eat.di,  with  i^hurt  wotnlei] 
IrrstU's  al  i'a*"li  rri<!,  TIm*  niilial  point  of  mrasnremeut  is  tlie  *^iul  *3f 
iron  lM*i*l|f4',  U*t\  baiili,  <lo\vustn*aiu  sid<*.  Th*'  rod  of  wire  piir*'  U 
faster M'fi  \tt  iminhU'  of  /^iiard  riu\  <ni  downstream  side  of  bridge.  The 
i^nu**  was  last  vcriJied  At>ril  IK,  \su\\.  Thr  lient*h  mark  is  top  of  sennid 
eroMS  iM'ani  tnnw  left -hunk  pi*T,  tlosviistruaru  eiid^  and  is  iJnjHi  f^^ 
above  dal  utu.  Tlu*  einuiael  is  strai^^lil  at  the  l>rid^ej  atitl  Ix^uds  ahovi' 
and  lii'lt^w,     11ir  iMirreiit  is  shi^^nsh  at  low  water  and  obstrueted  l>y 

irr  |MrM"  nf  lirid;,^*^     Tin-  hanks  ai'o  lii^d*,  but  ovortlow  n\  i^xiww 

hiuli  waller  JVir  several  iniiidred  feet  on  caeh  side.  Tin*  bi^l  is  faiity 
e(MiMlan(,  and  all  waiter  is  eonliiieil  li>  lia^  uiaiu  channel  ]jy  niih-uaH 
cndjiiuknurils.  'Vhv  ohst'ivtH'  is  Setfi  Jofm^ou,  a  fannt^r  and  fruit 
^I'owvr,  iMiht(»ad,  Alahataa.  Keeor'^ls  of  diseliarj^e  measure riu^nts  may 
be  found  ris  foltown:  1HU7,  Niiu'teentti  Annual  Report,  Part  1\\  pa^ 
2^0)   ISIIS,  Tweniii^tli  Annual  Keport,  Part  I\\  pa^a^  ll'>;3. 
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The  following  measarementH  were  made  by  Max  Hall  during  181)9 : 

April  17,  gage  height,  6.34  feet;  discharge,  7,444  second-feet. 
April  18,  gage  height,  5.63  feet;  discharge,  6,853  second-feet. 
May  17,  gage  height,  2.80  feet;  discharge,  3,000  second-feet. 
June  26,  gage  height,  2.05  feet;  discharge,  1,847  second-feet. 
September  9,  gage  height,  1.36  feet;  discharge,  1,016  second-feet 
November  8,  gage  height,  1.25  feet;  discharge.  973  second-feet 
December  18,  gage  height,  2.66  feet;  discharge.  2,H44  second-feet. 

Two  measurements  of  Bi|?  Sandy  Creek,  a  tributary  of  Tallapoosa 
River,  were  made  September  11.  The  first,  near  the  ])rid*»(»  4  miles 
from  Dadeville^  Alabama,  showed  a  discharge^  of  70  seoond-feet  and 
the  second,  at  a  point  a  short  distance  alM>ve  tlic^  bridge,  showed  a  dis- 
charge of  74  second-feet. 

Daily  gage  height^  in  feet ^  of  TallajHK)sa  River  nf  Milafead,  Alabama,  for  jsuu. 
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ALABAMA    RIVER   AT   M()NT(;()MKRV,  ALABAMA. 

This  river  is  formed  b}^  the  j miction  of  Coosa  and  Tallapoosii  rivers 
6  miles  above  Montgomeiy.  The  basin  is  descri])ed  at  length  under 
the  descriptions  of  its  two  tribntari(»s.  A  gage  rod  was  (Established 
bj'  the  United  States  Engineer  C'orps  a  nnmber  of  years  ago  at  the 
Montgomery  wharf,  near  the  Union  Passenger  Station,  at  foot  of  Cooi- 
merce  street.  The  readings  are  now  taken  b}'  the  WeathiM*  Bureau 
and  are  furnished  to  our  Survey.  Tlie  gage  rod  is  in  six  sections, 
as  follows:   Section   1,  from  2  to  10  feet  on   fender  pile  at  face  of 
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ALABAMA  RIVER  AT  SELMA,    ALABAMA. 

iAtion  is  l(K)Hte<l  45  miles  by  railroa<l  below  Montgomery,  and 
nally  estAblished  by  the  United  States  Engineer  Corps.  Read- 
now  taken  by  the  Weather  Bureau.  The  gage  rod  is  a  pine 
.inted  whit«  with  black  marks,  and  is  in  two  sections.  JSec- 
feet  to  23  feet,  is  fastened  to  the  pile  on  the  lower  side  of  the 
n  on  the  draw  pier.  Section  2,  23  feet  to  48  feet,  is  spiked  to 
je.  The  bench  mark  is  an  iron  bolt  driven  in  the  face  of  a 
ff,  182.3  feet  from  center  of  north  face  of  pier  and  above  the 
kud  is  26.05  feet  above  zero  of  the  gage.  The  high -water 
57  feet,  and  was  I'eacheil  April  8,  1880.  The  danger  line  is 
b  35  feet.  The  rod  is  attached  to  tlie  iron  highway  bridge, 
of  which  is  about  00  feet  above  low  water.  Thei*e  is  a  turn- 
)ne  end.  The  section  is  good  for  measurements,  with  a  width 
300  feet  at  low  water.  No  measurements  of  discharge  were 
re  during  1890. 

gage  height,  in  feet,  of  Alabama  River  at  Selnuiy  Alabama,  for  ISttO. 
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CATAWBA   RIVER  NEAR  BIRMINGHAM,    ALABAMA. 

surement  of  this  river,  a  tributary  of  Alabama  River,  was 
Mr.  S.  Hill  I/ca,  civil  engineer,  in  June,  1807,  At  a  point  7 
rtheast  of  Birmingham,  Alabama.  The  stage  of  the  river 
ndered  to  l)e  that  of  average  low  water.  The  mean  velocity 
irrent  was  found  to  be  2.56  feet  x>er  second,  and  the  discharge 
id-feet. 


vhieli 


df^fimgn  area 

^  It  beiiil^  iiiHl«^f  rahi* 

it  i^lB^tljr  tfl  M  i^ghmAiBmaMm  rannatinn, 

iv«9s  iliroiigli 
vAt^r  M  prafcmUr  lost.  A  amtijiiiotui  n^ctml  fiT 
bp%lii  at  Tiinal<Mi  itett  U8t  iaa  tieen  h^  bj  tlie  UnitiMl 
Ompm^  Dvrittg  liM  and  1998  a  amniber  ciC  d  t!4cbirgf 
wfv  alea  anda^  frotn  wiiieh  a  ratiit^  table  ^»» 
ffhtjif D4^,  aad  anea  thai  thaa  maamiewiwtta  of  flow  iia%^o  lieoti  tiiad^ 
iv:rulaflj  iff  the  ITafl«d  8lat«  C«c<klciflfsal  Sttrreir*  And  c-i^mputatkim 
maflif  111  lb?  dwltsi^.  Tliia  statiaa  ia  deaeribesd  in  the  Eightietnttb  { 
Aiitiual  Repfiri.  Part  IV,  pa^a  14^  aad  m  located  alxint  three-fonrtb 
tif  41  mil^  from  iht^  boiioen  eaatier  oC  T^iacaloutaa,  AlalauDa.  It  i» 
rKfldii?t|  by  paaifng  down  Biidgv"  street  ta  the  nvmr^  tbenr^  down  ttH' 
caal  baalt  l,^^  fi^*i  t«  th«  gage,  whicli  eonsiKts  of  an  IncUnwl  timlm 
^hy  ft  ioebi^,  j«u|ipr>rti^  ou  po^ta  aod  grad  naiad  by  Etii^tis  of  iiotL'hi^ 
plac«f  I  1  foGi  apart  vtrlteally.  Then^  are  two  bench  aiarkit,  oji*^  on  a 
willow  trte,  10  feet  we^  of  gage,  and  9?.S4  feet  above  Mobile  datam; 
tb*^*  oih**r  Oft  n  f^tnall  hiickb**rr>\  ^^  f«^t  sonfh  of  the  iipp<^r  f^ml  of 
tfif?  ilii^i*,  an<i  I'^'.K-ih  iVf'i  aixjve  J^ioniu*  uatun).  i  he  zito  <>t  ir.ip" 
is  >s7.'Jo  n**?t  alKjvo  same*  datum.  Thf*  <liseliai*jr<*  nu*asuivnuMits  art* 
ma<lf*  from  thf*  hi^^hway  bridge  alxne  the  gage.  The  ehaiuiel  i> 
straight  aii<l  uriobstrueted.  The  current  is  sluggish  at  time  of  l<>^^ 
water;  the  hanks  high  and  rocky  and  not  subject  to  overfh)\\.  Tin' 
observer  is  R.  C.  MeCalla,  jr.,  Unite<l  States  assistant  engineer. 
It<*eonls  of  measurement  may  Ix*  found  as  follows:  From  iss.i  to 
1h!m;,  Kighteenth  Annual  Report,  Part  IV,  page  108;  isi»7,  Nineteeiiih 
Annual  Report,  Pai1  IV,  page  251;  181>8,  Twentieth  Annual  Hc^port. 
Part  I\',  pag<»  r.>4.  Th<»  foHowing  m(*asurements  were  mad<^  by  l>.  M 
Ilali  aiMl  Prof.  (T<»org(»  S.  Wilkins,  of  the  University  of  Ala]>aiiia.  in 
1H1M»: 

MeaHurcvienis  of  Black  Warrior  River  at  Tiuscaloosa^  Alafxijnu. 
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1^  height,  in  feet  ^  of  Black  Warrior  River  at  Tuneaktosa^AlabanM^for  IS99, 
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United  States  Weather  Bureau  has  inaiutaineil  gage  reaulings 
nopolis,  Ahibama,  on  Toinbig1>ee  River,  at  the  mouth  of  the 
Warrior  River.  The  distance  to  Mobile  is  185  miles.  The  gage 
on  the  steamboat  landing,  and  is  225  feet  in  length.     From  the 

1  of  the  rod  to  the  top  of  the  bluff  the  gage  is  constructed  of 

2  inch  pine  l>oards  set  edgewise*  in  a  trench  cut  in  the  bank  and 
\y  fastened,  the  upper  edge  faced  with  ihre<*-eighths  by  2  inch 
raduated  to  feet  and  tenths.     At  the  top  of  the  bluff  to  a  iK>int 

above  highest  water  the  giigi^  is  marked  by  rows  of  copper 
m  a  0  by  S  inch  post  set  firmly  in  the  gn)und.  The  Ixuich  mark 
top  of  water  table  on  the  north  side  of  the  city  jail  at  the  west- 
d,  and  is  08.40  feet  alxjve  z<^ro  of  gage  an<l  13.71  fec^t  below  top 
3k  of  Southern  Railway  at  the  friMght  <lei>ot.  The  highest 
was  «;0  foet,  o?»  April  18,  1S74;  th<»  lowest,  'J.O  feet,  on  Octolwr 
>()y  1875.     The  danger  11  in*  is  at  .'^5  feet. 

ALLEGHENY    KIVER. 

gheny  River,  which  with  lh(»  Monongahela  forms  the  Ohio  at 
urg,  rises  in  northern  Pennsylvania,  flows  northerly  into  the 
)f  New  York,  then  again  turning  sriutherly  flows  through  west- 
jnnsylvania.  The  hea<lwatei-s  have  an  elevation  of  alM)ut  2,250 
nd  adjoin  those  of  (ienesee  Rivi*r  on  the  north  and  of  the 
ehanna  on  the  east.  The  total  length  from  tlie  source  to  the 
i  at  Pittsburg  is  aUiUt  IMfO  miles,  47  miles  of  which  are  in  New 
State.     The  catchment  l>a»in  on  the  upper  waters  attains  lh.e 
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bei^ht  fjf  from  2,tj(K}  to  2,Ht)0  feet  iibuve  sea  levtsL  The  prioeipal  facts 
eoiicerning  this  river  have  iR^eii  given  in  a  report  hy  Mr.  Georgia  M. 
Lehman,  iis^ist^int  engineer,  t^ntainetl  in  Iloiist^  IKK'nnient  Ko.  72, 
Fifty-fiflh  C'ongross,  third  session.  The  total  area  of  the  wiik*rahed 
as  njeasiired  from  the  map  of  the  Pennsylvania  geologieal  KUrveTi,  is 
ll,4iX)  square  miles.  The  principal  tribtitaries  making  up  thin  totai 
with  their  area  in  square  miles  are  as  follows:  Conowago  Creek, 
ineludinj;^:  Chautauqua  Lake  watershecl,  035;  Tiouest^  Creek^  458; 
Fremh  Grwk,  1,180;  Clarion  River,  1,175;  Redhank  Creek,  536; 
Mahouiiifr  Creek  J  397;  Kiskiminitas  River,  1,840,  anil  Allegheny 
River  above  mouth  of  French  Creek,  about  5,950,  The  averagie 
fall  of  the  river  below  Oil  City  is  ±2  feet  per  milej  but  there  are 
several  stretches  where  for  several  miles  the  fall  reaches  nearly  5 
feet  per  mile.  Between  Oil  City  and  Tarentum,  a  distance  of  112.fi 
miles,  there  are  81  ripples,  some  of  them  at  \''ery  low  water  ha\niisjf 
only  t).5  foot  depth  of  wat<^r;  the  depths  in  quiet  water  an?  in  mmy 
places  from  10  to  20  feet.  The  distanee  between  Oil  City  and  Tnmn- 
tuni,  the  part  of  the  river  surveyed  and  i^eport^d  uimn  in  1897  by  th« 
Unit*4l  States  Enyrineer  Corps^  ami  where  the  river  is  quit*^^  winding, 
is  112,6  miles  by  river  channel  and  57  milefi  by  air  line.  Tlie  dist-ance 
l)y  river  channel  from  Pittsburg  to  Franklin  is  126.4  miles  and  the 
railroad  distance  124  miles.  The  following  table,  furnished  by  Mr, 
^''jQeot^e  HZ,  Lehman,  was  made  in  connection  with  the  survey  of  tbf 
river  by  the  United  Htates  Engineer  Cbrps  in  18H7.  It  shows  the 
heights  abiwc  low  water  of  1H05  and  1898: 
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It  is  sjii<l  that  the  hi<^hest  flowl  occurred  iik  18,'J2,  when  the  wnU'r 
rose  tt>  a  heii^ht  of  'At]  ft^tfi  at  Pittsburg.  Tht'  flood  of  1SK5  is  th*' 
highest  known,  at  least  for  any  grt-al  extent  of  river  and  for  which 
i  t  was  poss  i  1)1  v  to  get  fa  i  rly  n:  1  i  a  1 1  h  ^  i  o  form  at  ion.  The  d  i  ^  pt  h  s  sliufl 
tliat  tlie  rainfall  wjus  qiiite  general  over  the  watci-shcd,  partit'n!arl]f 
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ibove  Oil  City.  There  is  a  very  gradual  and  slight  increase  toward 
Rttfiburg.  The  flood  of  1898  was  high  on  the  lower  Allegheny;  the 
records  show  heavy  rainfall  over  the  wat-ersheils  of  tributiiries  south 
>f  Clarion  River,  and  the  depths  indicate  this.  The  width  of  river 
ias  strong  inflnence  in  depths,  as  shown  in  list. 

Other  high  floods  than  those  mentioned  alcove  have  occurred  at 
Wttsburg,  but  they  have  not  all  come  from  Allegheny  River.  The 
lood  of  1884  backeil  water  for  several  miles  up  from  the  mouth  of  the 
MLonongahela,  the  depth  recorded  being  34.5  feet  above  low  water, 
rhe  flood  of  1889  rose  to  31.3  feet,  but  at  points  alx)ve  the  vicinity  of 
EMttsburg  the  heights  ranged  about  halfway  Ix^tween  those  of  the 
L865  and  1898  floods.  The  high  water  of  18G5  is  locally  known  as 
Dhe  "  oil  flood,"  because  of  the  fact  that  many  hundivd  barrels  of  oil 
iwaiting  shipment  by  steamboat  from  the  Oil  Oity  district  were  carried 
iownstream. 

Observations  of  the  discharge  of  the  Allegheny  at  Pittsburg  at  the 
time  of  the  1898  flood  were  made  by  Mr.  George  M.  Lehman  on  the 
velocity  of  drift  passing  between  tlie  bridges.  The  current  averaged 
7.7  miles  per  hour,  and  the  estimated  discharge  was  290,000  second- 
Ceet. 

YOUGHIOGHENY  RIVER  AT  PRIENDSVILLE,   MARYLAND. 

This  river  rises  in  Garrett  County,  Maryland,  and  flows  in  a  north- 
westerly direction  into  Pennsylvania,  where  it  empties  into  Monon- 
gahela  River  15  miles  above  Pittsburg.  Its  source  is  on  the  western 
slope  of  the  Allegheny  Mountains,  at  an  elevation  of  about  2,900  feet. 
The  average  fall  of  the  stream  for  19  miles  above  its  mouth  is  about 
2  feet  per  mile,  but  above  this  point  it  soon  increases  to  an  average 
fall  of  nearly  5  feet  per  mile.  The  bank  height  al)ove  low  water 
ranges  between  15  and  28  feet,  and  the  average  width  between  banks 
from  the  mouth  to  West  Newton,  Pennsylvania,  is  540  feet.  The 
following  heights  at  various  points  in  Pennsylvania  of  the  high  water 
of  February,  1897,  above  low-water  stage,  was  furnisluMl  by  Mr. 
George  M.  Lehman:  Whikett,^13  feet;  Jacobs  C>reek,  10  fw^t;  Smith- 
ton,  14  feet;  Port  Royal,  17  feet;  Snyder,  I(>  f(»<»t;  West  Newton,  20 
feet;  Suterville,  22  feet;  Buena  Vista,  2(^5  feet;  Coulterville,  28.5 
feet;  Boston,  29  feet;  McKeesport,  28.5  feet. 

A  measurement  of  Youghiogheny  River  was  made  October  13, 1892, 
with  surface  floats,  at  Ohio  Pyle,  Pennsylvania,  by  Mr.  Kenneth 
Allen,  in  connection  with  an  investigation  of  a  water  supply  for  the 
works  of  the  II.  C.  Frick  Coke  Company.  It  was  during  a  period  of 
extreme  drought,  and  the  discharge  was  found  to  be  100  second-feet. 
The  area  of  its  watershed  was  approximately  obtained  from  maps  of 
uncertain  accuracy,  but  was  called  1,775  square  miles. 

The  station  at  Friendsville,  Maryland,  was  established  by  E.  G. 
Paul  August  17, 1898.    Measurements  are  made  from  the  iron  high- 
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way  hridge  connecting  theensl  fttid  wegt  |Kirtioni*  of  the  village.  Tht 
wire  gn^e  is  20  feet  fnnn  xero  to  thi^  end  of  the  wt»i;^hl,  ami  referrr*! 
k  to  Ji  HO^l^  l>oard  U  feet  long,  ^ci'mluHted  to  feet  nnd  t€^nth^.  The 
*  chuntief  is  E^tmight  for  st^veml  hundred  feet  above  And  l>elow  the 
liridj^^^  The  bed  is  rocky  and  the  banks  high  nnd  nrtl  siibjet*t  to  over- 
flow.  The  observer  is  J.  H.  C'nppet^  a  merehiint  residing  within  a 
abort  dinlAni^e  of  tlie  gage,  Tht^  r^sttltii  of  mcMiaurenient^^  for  ISiiS 
maybe  found  in  the  Twentieth  Annual  Report,  Part  IV,  page  IM. 
The  following  ineasurements  were  made  by  E.  G,  Paul  during  WM: 


k 


l&nimry  $4,  gage  height.  5^40  feet:  diaeliATge,  9^9  Becond-feeL 
January  ZX  gage  IieiEht  ^^  fe^t;  di»c1iarg««  2,a^0  aecoiid-feet. 
May  n,  gag«  height,  5u97  feet;  tliscbarge,  1,697  »ecoDi3^feeL 
Jmm  30.  gage  he||^t,  fi,40  f«et;  discharge,  944  second-faet 
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CHEAT   KiVFU   XT   t*NK\,\,   WEST    VIRHINIA. 

ThiH  river  ris«>s  in  thr  enatt*rn  part,  i»r  Wi^st  Vir^^inia,  and  \hi\^ 
almost  due  north  acnisw  tho  Pennsylvanhi  boundiiry,  out^M-iiiir  Mn- 
noufTJiliela  Rivei-  i\  niili^s  nortli  of  the  Stjite  line.  Thi*  drairiaijri:*  an^H 
iH  l>iirtly  nifipped  on  the  SI.  (^M>rg(.%  l^ie^lniunt,  Fran  Klin,  Innvrly, 
Monterey,  and  lliinterftville  atlas  nhc^etM.  As  llu^re  is  no  hrid^i^  at  a 
phwx*  CMUivenicnt  fur  making  nieasnreiuents,  a  ciibli^  of  ijW  feci  span 
was  h1  notched  ticrons  the  Hti'eam  G  niil(*s  northeiust  of  MorpinhmNT  jil 
Uneva,  West  Virf^inia*  and  cibservatious  of  heights*  begun  on  July  t^i 
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.800.  The  ga^  fe  a  post  bolteii  to  a  nx-k  and  «rra4luate4i  to  feet  and 
tilths.  The  initial  point  of  soundings:  is  on  the  right  bank.  The 
channel  ab«)ve  and  l>elow  the  station  is  straight.  The  current  is  slug- 
gish. Tlie  riglit  bank  is  low  and  subjei^t  t4>  overflow,  but  the  left 
)iink  is  high  and  nx'ky.  The  l)ed  of  the  stream  is  rocky  and  constant, 
rhe  ol>siT\-t'r  is  A.  F.  Blosser,  a  blacksmith  at  Uneva,  West  Virginia. 
3n  July  tS.  lsi»'.',  a  iiieiisurement  at  this  station  was  made  by  E.  G.  Paul, 
it  a  gage  iH'iglit  of  2.«'»«»  feet,  and  gave  a  dischai>re  of  1,148  second- 
feet.  A  iiit*aMir«'iiient  was  madi*  of  this  river  during  a  i>eri<xl  of 
»xtrein<*  droiiLrlit  at  Morris  cross nwds,  IViinsylvania,  1  mile  l>elow  the 
West  Vir;rinia  State  line,  on  Oc'tolH-r  ti,  ls'j'2,  by  Mr.  Kenneth  Allen, 
and  lilt'  dis<-!iar;r<*  found  to  Ih*  -JV.*  MH*ontl-f^H*t. 

iMiihf  ifU'j*  hi  i'lJit.  infect.  i»f(/h*iit  Rh'^-r  ttf  f'M«-rvi,  \Wst  Vmjiuia^fnr  ISf*9. 
Day.    .Tilly.  Ay.r    >»'i't     • »« t     Nov.     I>>c.         I»ay      ,luly.   Aup.  S«>]it.   t>«*t.    Nov.     Dec. 
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The  United  States  Weather  Bureau  have  maintiiined  pige  readin|j:s 
on  Cheat  River  at  Rowelsburg,  West  Virjjinia,  .50  miles  above  its  junc- 
tion with  the  Monon^jihela.  The  river  at  this  lujint  is  1^70  feet  wide. 
Thedniinaj^e  area  alKive  the  station  is  rei)orted  to  lx»SO(>  square  miles. 
The  j^ai^e  ro<l  is  on  the  se<*ond  pier  of  the  Haltimore  and  Ohio  Kail- 
road  bridge.  The  bench  mark  of  tlie  United  States  Cojist  and  Geo- 
detic Survey,  situat***!  on  the  center  pillar,  west  end  of  the  bridge,  is 
2^^.W  feet  al>ov«'  zero  of  th**  jra;r«*.  The  highest  water  was  ±2  fet»t,  on 
July  10,  issu;  lowest,  n.l»  fcH)t,on  Octoln-r  15,  1S05.  The  danger  line 
is  at  14  feet. 

NEW    KIVER    AT   RADFORD,  VIRGINIA. 

This  river  rises  in  Watauga.  Ashe,  and  Alleghany  <M)unties,  North 
Carrdina,  aiul  flows  in  a  northwesterly  din»ction  into  West  Virginia, 
when*  it  mei^ts  the  iiauley,  near  Kanawha  Falls,  to  form  the  Great 
Kanawha.  The  <lrainage  area  is  mapixnl  on  the  Kanawha  Falls,  Nich- 
olan,  Hinton,  Beverly,  Monterey,  Tluntersville,  Lewisburg,  Kaleigh, 
Christiansburg,  Dublin,  l*<K*ahontas,  Abingdon,  Wytheville,  Ilills- 
ville,  Yadkinville,  Wilkesl>oni,  and  Cranl>erry  topographic  sheets. 
Theupi>er  tributnries  have  a  general  northejisterly  and  southwesterly 
direction,  draining  the  narrow  valleys  of  the  greater  Appalachian 
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Alley  in  Virgiiiin.  Thv<  \tH»iii  uf  New  River  in  ftor  the  most  part 
mounUiiiioim  find  wiK>dec!,  forming  one  of  the  mast  bet&utifiil  and  pk- 
inroHque  KcnitiimH  in  tho  etiHt^rn  part  of  the  United  states.  The  river 
it#4i*lf  Lh  ra|iid  *tud  a  pnrt  uf  it  almost  impassable,  even  for  eanoetL 
S>'Hf4^mntlf!  in».^a»urctin4fntB  of  flow  of  New  RiTor  are  made  at  Riidford, 
Monl^roini^ry  C<jont>,  Virginiaj  and  at  Fayette,  Wo^fc  Virglniii*  The 
«l4itTun  at  liiiilliinl  in  \ovu{^\  at  the  highway  hridge  close  to  the  Norfolk 
and  \Vo«U?rn  llaitway  suction.  It  was  established  by  D.  C,  Humr 
phrflys  Angui^t  J,  18^*:^*  The  gage  used  was  erected  by  tho  United 
States  Weather  Hiu^eau,  It  oonsiirt*  of  a  vertit-al  l>oard  gradnat«?d  to 
feet  and  tenths,  and  is  attached  to  the  injo  framework  conneeting  the 
[lair  of  imn  euncrefe  eylinders  which  form  the  tir«t  pier  from  the  rigliU 
\mnk.  The  b«*neli  mark  is  the  bottom  of  thi?  lowest  horizontal  hmm 
eonn4*i*lni^  the  two  cylinders,  the  elevation  lK*ing  3.8B  feet  above  ih» 
zemof  the  gage.  The  dischai'ge  measurements  are  tuade  from  tli& 
upj^troain  side  of  tho  bridge.  The  initial  jHiint  of  s^^nindlugs  is  on  the 
right  liank  of  the  river  40  feet  fnim  the  first  pier.  The  bottom  is  of 
solid  ro<!k  and  gravel  and  is  smooth  and  regular.  On  the  left  bani 
there  is  a  hUh^h,  nx^ky  hUiff,  The  right  liank  is  low  and  snhj«rt  ttt| 
overfl*>w  for  alMmt  KH)  yards,  but  all  the  water  must  pass  under  Uw 
bridgej  whieh  it**  alwuit  **o  feet  alrove  low  wati^r.  The  oliserver  is  A.  J. 
KiUinger,  bridge  tender  at  Radford,  Virginia.  Tlie  following  meas- 
uromentB  were  made  hyD.  C,  Humphreys  dnring  189t*: 

tJuno  21*t  g£^e  heightt  1*12  feet;  diuoharge,  4,l>8e  aecoud-feet, 
August  11,  gage  height,  f).20  foot;  diaobarge,  2,172  eecond^feet. 

Dttil0  uuffe  hrttjht^  in  /ctft  of  New  River  at  Rci^ifordf  Virginia,  for  IS^S. 
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GBEENBRIER  RIVER  AT  ALDERSON,  WEST  VIRGINIA. 

This  river  rises  on  the  western  slope  of  the  Allegheny  Mountains, 
D  Pocahontas  County,  West  Virginia,  and  flows  in  a  southwesterly 
iirection,  emptying  into  New  River  near  Hinton,  Summers  County, 
Vest  Virginia.  The  station  was  established  by  C.  C.  Babb  and 
>.  C-  Humphreys,  at  Alderson,  West  Virginia,  21  miles  above  Hin- 
on,  August  1,  1895.  The  drainage  area  at  this  jwint  is  1,344  square 
oiles,  and  is  mappeil  on  Hinton,  Beverly,  Monterey,  Huntersville, 
md  Lewisburg  atlas  sheets.  Greenbrier  River  receives  many  short 
ributaries  from  the  Allegheny  Range,  and  flows  for  the  most  part 
ihrough  a  hilly,  broken,  and  mountainous  countrj'  well  covered  with 
forests.  The  station,  described  in  the  Eighteenth  Annual  Rejwrt, 
E^rt  IV,  page  111,  is  located  one-half  mile  above  the  mouth  of  Muddy 
Creek,  on  the  county  bridge  at  Aldei-son.  The  wire  gage,  length  28.37 
Ceet,  is  in  the  thiiil  panel  of  the  second  span,  downstream  side,  and  was 
last  verifieil  on  August  12,  1800.  This  ixii'^e  is  referred  to  thrcn?  bench 
marks:  The  first,on  the  upper  end  of  the  coping  of  the  fii*st  pier  from  the 
left  bank,  21.75  feet  al)ove  zero  of  the  gage;  the  second,  on  upper  end 
of  the  iftidge  seat  of  the  left  bank  abutment,  21. (31  feet  above  the  zero 
of  the  gage;  the  third,  on  stone  foundation  of  water  tank  of  the 
Chesapeake  and  Ohio  Railway,  23.48  feet  above  the  zero  of  the  gage. 
-A  temporary  bench  mark  has  l)een  established  on  lower  end  of  third 
floor  beam,  in  second  span  from  left  bank.  Elevation  22.47  feet  above 
the  zero  of  the  gage.  The  bridge  consists  of  four  spans  435  feet  long. 
-At  ordinary  stages  the  water  flows  in  two  channels,  there  being  an 
island  600  feet  long  and  75  feet  wide  between  them.  The  lianks  are 
high  and  not  subject  to  overflow.  The  bed  is  of  rock  and  gravel  and 
fairly  constant.  The  observer  is  W.  J.  Hancock,  clerk  in  a  hardware 
i^re,  Alderson,  West  Virginia.  Records  of  measurement  can  be 
found  as  follows:  1805-96,  Eigtheenth  Annual  Report,  Part  IV,  page 
113;  1897,  Nineteenth  Annual  ReiKjrt,  Part  IV,  page  254;  1898,  Twen- 
tieth Annual  Rei)ort,  Part  IV,  page  204.  The  following  measure- 
ments were  made  by  D.  C.  Humphreys  during  1899: 

Jane  22,  gage  height,  1.94  feet;  discharge,  456  second-feet. 
August  12,  gage  height,  1.36  feet;  discharge,  104  second-feet 
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T\w  Unitol  Stales  WeJltlier  Unreiiu  h»s  maintaiD^  gairf*  r^adiig* 
on  New  River  at  Hi  n  ton.  Went  Virginm,  The  draiiiajr*?  nn^a  alwTfl 
tin*  »t4itton  is  report*^  to  l>e  rj,02fl  sqnare  ntile^.  Tlie  r»lIrt>Hd  tniclt 
at  the  ili^jK^t  Ls  ZZ.B  feet  alH»ve  zero  i»f  j^ajre.  Tlie  hi*:liest  water  vhm 
on  Septembfir  i:i,  1S78,  when  it  reut-hed  2'-^  f(M>t ;  luwt^f^t,  O.,")  fix^t.  ilait^e 
uiiknnwik     Th^*  djLni.'er  line  is  tU  U. "»  f^^et. 


SKW     UWFM    AT    KAVKTTE,  WKST    VTRC^XlA. 

This  jstJitMir^  t*siiil>lishiHl  by  k\  i\  Uabb  and  J).  i\  Iluuiphn-ys  July 
2U,  181*5,  is  deH(*ril«Ml  in  tlie  Ki^Mileentlj  Annunl  Report.  Pari  IV, 
paffe  11-5,  nud  is  1<M'ated  jnst  bi^loNv  ih(»  riiiuilJi  of  Wolf  Cn^ek,  nn  Hip 
highway  bridge  of  on<»  span  at  P'ayette,  West  Virginia.  The  drainage 
area  is  mapped  on  the  Kanawha  Falls,  Nicholas,  Hinton,  IJeverly, 
Monterey,  Ilunt^irsville,  Lewis])urg,  Raleigh,  C]iristians])urg,  l)ii])lin, 
Pocahontas,  Abingdon,  Wythevilhs  Hillsville,  Yadkinville,  Wilkos- 
boro,  and  Cranberry  atlas  sheets.  The  wire  gage  is  on  the  guard  rail 
on  tlie  upper  side  of  the  bridg(»,  about  the  middle  of  the  sj)aii,  lb 
scale  being  graduated  to  fe(4  and  tenths.  The  gage  is  referre<l  to  four 
bi^nch  marks:  First,  the  top  of  the  bottom  plate  of  the  lower  plate 
girder  at  the  end  of  the  iirst  pan(d  from  the  left  bank,  downstream 
side,  55.1'i  feet  alK)ve  the  zero  of  the  gage;  second,  top  of  lower  eiul 
of  coping  on  the  main  pier,  right  bank,  downstream  side,  52. l")  fet^ 
above  the  zero  of  the  gage;  third,  bridge  seat  on  the  right  ))aijk, 
downstream  side,  54.58  feet  above  the  zero  of  the  gage;  fourth,  west 
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ner  of  abntment  stone  by  Chesapeake  and  Ohio  Railway  statiop, 
62  feet  above  the  zero  of  the  gage.  The  gage  was  last  verified 
gust  14,  1809.  The  channel  is  straight  above  and  below  the  sta- 
n,  the  current  is  swift  and  without  obstructions,  except  for  immense 
i^lders  in  the  bottom.  The  banks  are  high,  rocky,  and  not  sub- 
t  to  overflow.  The  l)e<l  is  constant  in  section.  The  observer  is 
W.  Brellahan,  agent  Chesapeake  and  Ohio  Railway,  Fayette,  West 
rginia.  Records  of  measurement  may  be  found  as  follows:  1895-96, 
jhteenth  Annual  Report,  Part  IV,  page  115;  1807,  Nineteenth 
mual  Ri^port,  Part.  IV,  page  15G;  180S,  Twentieth  Annual  Report, 
rt  IV,  page  2<)*?.  The  following  measurement*^  were  made  by  D.  C. 
imphreys  during  1800:  June  22,  gage  height,  .'{.Go  feet;  discharge, 
►97  second-feet;  August  14,  gage  height,  1.80  feet;  discharge,  2,986 
»nd-feet. 


Daily  gage  height y  inf*'et,  of  Sew  River  at  Fayette,  M^est  Virginia,  for  JS99, 
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FRENCH    BROAD    RIVER   AT    ASHKVILLE,  NORTH   CAROLINA. 

French  Hroa<l  Rivor  rises  in  tht»  western  part  of  North  ( Carolina, 
id  flows  in  a  genenil  northwesterly  direction  into  'I'ennessee.  It 
ins  Ilolston  River  just  above  KiioxvilU^  to  form  the  Tennessee. 
le  waterslied  is  for  the  most  part  mountainous  and  covered  witli  a 
;avy  growth  of  timl)er.  There  are  water  powers  capable  of  devel- 
>meni  at  a  number  of  places  on  the  French  Broad.  The  drainage 
ea  is  inapiKMl  on  the  Asheville,  Mount  Mitchell,  Pisgah,  and  Saluda 
las  sheets.  Measurements  of  flow  have  l>een  made  at  Asheville, 
DTth  Carolina.  This  station,  described  in  the  Eighteenth  Annual 
IBB  36 5 
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Report^  P*rt  FT,  {mi^  11^  wmm  e^t^blisli^  bj  Cjttis  €.  Babb  ii, 

Sflpienbrr,  189^.  aim!  is  tiKaled  mt  the  Bin^am  Sebool  Inon  bigh«ii| 

bri<l^f  3  mlW  «wt  «f  Aiherflle;,  Kortb  Caroliixa^  and  tsi  rBaeh^  bf 

an  elMtfic  car  liw?  from  Asiieville.    The  Swaananfm  River  joim  QH^ 

naidi  Jlro^d  3  miku  above  tbe  8t«iioii*    The  wtm  of  tbe  md  of  tlft 

wbi»li|f»iiopin«itelli9«wtcdgf*  «f  ih(?  fifth  upri^t,  fii^i  §pan  fi« 

CMi^  upper  M/t.    Wlm  llie  gs^  b^ght  is  'i. 2^  ft^t,  w^tji r  Hurfiiee  i 

IT.li  fe«C  \mk»w  top  of  the  lover  ^i>d  of  the  second  floor  lieam,  fiisi 

tpM  firan  tfc«  Mst*     The  ga*ge  wag  la^t  verifiecl  i>n  l)etot>er  ^7,  im, 

Ttm  lAitiml  poinfr  for  mtmnAmgiB  is  on  th^?  right  bank  at  the  end  of  t1i« 

trtlqi«ii  of  tbe  bridge.    Both  banks  ma j  overflow  in  very  h  igh  wato 

Thfi  riirrenl  b  ffwift,  the  channel  ?^traight^  i^jcky,  and  re«»oiiatlr 

permanent.    Tbe  obj*erver  is  J.  M,  Taylor,  a  enrpenier  »t  A?*ht  viIIk, 

Konh  Carolina.     R«eords  of  mea»Q  re  mentis  nxay  be  found  as  foUowi: 

lB95-f#7,  Nineteenth  Anniml  Report,  Pari  TV,  page  257;  ISm,  Tweo^ 

Ueth  Annnal  Report,  Part  IV,  page  205. 

^The  following  meaiiurenient©  were  made  by  E.  W,  Myers  and  R>  K 
Shuford  donng  18^9: 
Febroiuy  35,  gsg«  height,  1.30  feet;  discharge,  ^,010  second-feet 
Jane  16,  gage  beight*  S,i)3  feet:  di«cbai^,  2,Sm  eeeoQd*f«et, 
Is^viember  30,  gag^  beigM,  1.94  feet;  discharge,  7U  second -feet, 
■  October  2T,  gage  height,  L^  feet;  discbarge^  813  seoond4eet. 

^  Hov«^ber  ^,  gage  bedght.  2.12  feet;  discharge,  U(m  aeoond-fe«t. 

Dcttlg  s/(H^*i  iteight,  it*  feet^  of  Preach  Broad  ff/r*f  at  A&iieMUe,  Sorth  Cardiff 

for  m*f< 


lJ»r. 


7 

8- 

Jl 

m 
n 
It 

VA 
14 

in. 

m 

17 
IN. 

Ift, 

Ki. 
3^ 

till. 


Jul- 


4,m 
i.ai 

pf  !il 

3.U5 
4.90 
470 
4.«i 

4.fi0 

4.  an 

4.1H 
4JT^ 

4.«l 
4.40 
i.3& 

4.:f» 

4.2S 
4.10 
n.7ii 

EL  7it 

4  4£l 
4J«J 
anil 
!J.  75 
:i,  70 
HlUi 


FflU 


:i.55 

4  A"! 

7.(n 

7.UJ 
41.  CO 

5.fn 

4.1i!0 
4.7<> 
4.fi(> 

4.m 

R.m 

fi.iai 
hJM\ 
4  ].^ 
4.31 
4.Q<J 
4KJ 
4JIII 
4.44» 
H.M> 
7.7,"^ 


Hftr.    Apr.  I  ||*y.  j  Jttn^. 


II.  Hn 
n.m 

h.  Ml 
4.411 
4.^  J 
4  Sil 
4.35 
4.:Bi 
4,31 
4  J55 
4,31 

4.:ii 
ri.iii 

uno 

7,filJ 

n.  fii^ 

KLtfJ 

7,r.ii 

«.70 

I1IJ& 
rj.Tti 
r*.  441 

fi.«ll 
fi,4ll 

&,3rj 


1135  I 
5.30 

s.w 

5.5*1 
A.  tU 
5.441 
5.Hfi 

S^^li  [ 

a.  70  I 

5.M1  ! 

r,.*ii  I 
e.44  , 
(i.  4rk 
».oii 

4,fi0 
4.Hii 

4,  mi 

l.fHl 

14.'; 

4.3& 

4,  31 

4.211 
4.4U 
4.W 

4^nr^ 

4.71> 
4.  m  I 
4,4(» 
4.3» 
4.3fi 


4,30 
4,Li 
4  17 
4.15 
4  3» 
4.3r 
4  ir> 

4,31 
4,3> 
4.a> 
4.3.'j 
4.01.^ 
4.rifi 
4.4tl 
4.:fl 

4  ao 

4JIII 

awti 
:i  TtJ 
a  Oil 
4.4*1 
4  till 
4.jai 
4.^KI 

a.  TO 

».iMI 
2N6 
S.HO 
2  IT* 
3.U0 


S-SO 

i:.w* ; 
^  :ii 

a.  tm 

2.  .Ml 
:^  iKi 

jr.7<> 

i*.  .Vi 

:*.47 


Jttliv    A  tiff,    Bept.     43et.     5f  pf.     I>i''' 


S.40 

^.iVi 

:;  4i; 
^.47 

^  4il 

:;.40 
:3.37 

:i  :3n 

L'  l.'j 
2  4<3 

;i  :f7 


::.  la 

±  \h 

n  IH1 

A  \:\ 

ii.-'yi 
:i.4;j 


2.4.^ 

:lio 

l*.3i 

:j.i6 

:;.3^ 

;i.4ii 

::^) 

i*  «o 

1:  HI 

2,«il 

^.ai 

^.:ti 

:;.03 

3,10 

3. -ill 

3.  fill 

!»  70 

L'.Of^ 

ajm 

*i.m 

:L,Tn 

3.:i« 

2  4r* 

sai 

2.a) 

a  u 

*JiS 

3  Ul 

I 


;i,  in  I 
:i.  16  ( 

a  fCI  I 

3.iW  I 
2  ill 

1  s»7 

l.ftTt  1 

2  III 
2.10 

-.fxil 

2.01^  I 

2.  HO 
:1K5  I 


l.]0 
2.Jfl 

^  ill 

2  I.=i 

2  ::5J 
2.211 
2.  Ill 
l.Ui 
\,K^ 

lh:i 
LMl 
:i.  15 
2.10 

X.Kt 
l.wf^ 


1  aj 

1  mi 
J  s*i 

I!  iti 

2  116 

S.44I 

2  2fj 

2  13 

2  fo 
2  411 
2  :si 

2  -Jft 

2.ai 

2  M  I 

2  (lr» 
2  (J7 
;«',  HI 
2   10 

:i.  07 

2Jfp 
2  4n 

2  (IJ 
2.(15 
2  l^t 
2.^1^ 


2.3> 
2  3^ 
2  a> 
.1  15 
2  i:j 
2  HI 

2  (IT 
2(»5 
2  lEl 

2.m 

IMP".*  I 

2. -J  I  • 

1  vir 

Mia 
1   <CE 

L'  it) 
™  ^n 
2.  i;J 

2.(i: 

^*,  CITi 

2.  \t\ 


t  31  J 

t  Mv 

2  31 

ZU  I 
2  11 
2. US   I 

2   1.T 

Ai;i 


2  li7 

2  V» 
II  411 

H  wi 

;i  :►; 

2  TO 

2  iW 


KOBTH  CABOUXJL  167 

TTCKASEGEE  RIVER  AT  RRTSON\   NORTH  CABOUSA. 

This  river  rises  in  the  soothwestem  {lart  of  Xorth  Carolina^  at  the 
lae  of  Tennessee  Ridge,  which  separates  Jaokson  and  Transylvania 
lunties.  It  flows  in  a  northwesterly  direction,  emptying  into  the  Little 
ennessee  River  at  Bnshnell,  Xorth  Carolina.  Measurements  of  dis- 
large-are  made  at  Bryson.  2  miles  below  the  month  of  Newton  Mill 
reek.  The  drainage  area  is  *>>9  square  milesi,  largely  of  a  rough  and 
Luantainons  nature,  covered  with  forest  growth,  and  is  mapped  on 
le  Cowee,  Pisgah,  and  Mount  Guyot  atlas  sheets.  The  old  station, 
escribeil  in  the  Eighteenth  Annual  Report,  Part  IV,  page  116,  was 
x?ated  on  the  Southern  Railwa}'  bridge  alM>ut  3  miles  above  Bryson, 
lorth  Carolina,  and  just  below  Ciovemor  Island  post-office,  and  was 
kbandoniHl  March  25,  ls<«7.  bei^use  the  section  was  poor.  A  new  sta- 
ion  was  established  by  A.  P.  Davis  November  7,  18H7,  at  the  high- 
i^ay  bridge  in  the  town  of  Brj-son,  Xorth  Carolina.  The  gage  is  bolted 
bo  the  north  pier,  lower  side,  and  can  be  read  from  the  bridge.  The 
initial  point  of  sounding  is  at  the  south  end  of  upstream  hand  raiL 
The  channel  is  straight,  but  obstructed  by  the  remnants  of  two  old 
piers.  The  current  is  sluggish,  the  river  \ied  muddy  and  fairly  con- 
stant. The  observer  is  H.  H.  Welch,  a  carpenter  at  Biy.*«i>n,  Xorth 
Carolina.  Results  of  measurements  may  be  found  as  follows:  1896, 
Eighteenth  Annual  Report,  Part  IV,  page  117;  1807,  Xineteenth 
Annoal  Report,  Part  IV,  page  257;  1808,  Twentieth  Annual  Report, 
Part  IV,  page  206.  The  following  measurements  were  made  by 
E.  W.  Myers  and  R.  E.  Shnford  in  is'JU: 

^fefVtHn'mentn  of  Tudon^ege^  Rirer  at  Brysion,  Xorlh  Cart  J  inn. 
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r  UTFLK  TKSSrBSMB  KtVWM  AT  /tT)60S,    XOHTTH  CAKOUKA. 

TliiK  fivtar  mm  In  tlie  mountauis  bemne^^n  North  Carolinii  and 
OfM»rsfl«**i  a«*l  flows  in  a  ncMtliwpfiterl}^  directioti,  etnptyiug  int«  Ten- 
tumtn***  H^vf^r  lit  l^jioir^  Tennessee.  Mpastirpmeiit^  of  flow  are  lurt^l^ 
ftl  JurlH<jti,  North  CHroliiia,  !r^1ow  tlit?  mmirh  of  Savv5"er  Bmmb. 
Thi*  anm  dmirHtd  \h  ^'M^  ^wjiiare  miles,  wlueh  i8  largely  mount  a  i  nous 
and  t*(iVi'-ri^*{  with  a  ffin'si  growth.  It  is  mapped  on  the  NiiiiTahsilEti 
C!4iwftc3,  and  VVaUiHUn  at  law  Kliw^t^^.  The  station,  a^  deserilwd  inline 
Kli?lit(i*tritii  Annua!  Itept^rt,  Part  IV,  page  117,  ^yi\A  eslablishtH]  by 
K.  W.  My^'CH  in  4 tine,  IKiiG.  It  is  loeated  on  the  Southern  RaiiwAV 
briiig»MdMnit  i»nr-foiirtii  of  a  mile  fnmi  Jutlf^ni,  North  Carolina.  Th? 
riv<*r  Irt  Mtraight  for  H^^veral  Inimlreil  yanln  above  and  iKdnw  the  sta- 
tion; the*  iMillr^rn  HM-ky  and  Vfry  rou^li  on  theweHtj^idt^and  sandy  on  lli^ 
oant  Kld^^  'V\n^  <*nri"ent  isswiftHrnl  (considerably  (^hHtrueted  liy  twookl 
plern,  'i1n'wtn*ti(Mi  Is  t^onstard,  but  md  a  good  one  for  nieasnremeut^ 
T\w  ubw^rver  in  H,  i\  Sawy<M%  afartrnMWit  JudsoHj  North  t'anilinfl^ 
H<H'iirilMnr  nii*n>innMrH*rdH  may  br  fnumi  as  tollmvs:  ISOii,  Kightet'nrii 
Aioinjil  Itepiu'l,  Part  l\\  page  117;  isii7,  Njoett^eiith  Annual  Rejw^rK 
Part  I\\  page  2Ml\  1S!*8,  Twentieth  Annual  Reporl,  Part  I\  ,  [la^ 
SJtt?.  *V\u'  foUowing  nn^nsiinnnonts  wi^n*  nnule  liy  E.  W.  Myt^rs  iinil 
li.  K,  Slutbird  during  lS!»^i: 

Kolanmry  HI,  gaifi'  hnipht,  \0M  feet;  diecharge,  ai,eSO  Re<5oud'feet 
Juno  )}{\,  |4?mi*  heiiflK.  iMK^  ft*et:  di.icliarg^e.  IA\H  &eeond-f«et, 
Sf*eti^iuU»r  'jl,  }in}ii^  htnifliL  'J,L*;J  ftM^t:  Llim?hari;t\  liiiO  issiH^oml-ftt^t. 
H*H  **  **  wd  mr  y  7 ,  g  *iKi>  li  i^i  ^  h  t .  "J .  tU  f  t»cvt :  d  isr  bargi©.  T  3 1  second  -feet 
( If^felHT  )i^tk,  g^x^  {m^{\i,  *2,M  iw\\  d\*elktvtv!:e,  SJ*6  sevvrnd-feet. 
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Kige  height^  in  feet,  of  Little  Tennessee  River  at  Judson^  North  Carolina,  for 

1899, 
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HIWASSEB  RIVER  AT  MURPHY,  NORTH  CAROLINA. 

assee  River  rises  in  the  northern  part  of  Gteorgia  and  flows 
lYi  the  southwestern  comer  of  North  Carolina  into  Tennessee, 
it  empties  into  Tennessee  River.  The  watershed  is  broken  and 
^ainous  for  the  most  jmrt  and  well  covered  with  forest.  The 
rained  is  410  square  miles,  and  is  mapped  on  the  Murphy,  Nan- 
.,  and  Dahlonega  atlas  sheets.  The  river  is  measured  at  two 
,  Murphy,  North  Carolina,  and  Charleston,  Tennessee,  17  miles 
its  mouth.  The  station  at  Muri)liy,  described  in  the  Eighteenth 
il  Report,  Part  IV,  page  117,  is  located  on  the  highway  bridge 
ig  the  river  at  Murphy,  North  Carolina,  one-half  mile  above 
r  River,  and  was  established  by  E.  W.  Myei-s  July  26, 1896.  The 
age  was  last  verified  on  December  29,  1899.  The  length  of  the 
Is  29.10  feet.  The  section  here  is  a  fairly  good  one,  though 
rhat  obstructed  by  the  remains  of  two  old  piers  directly  under 
esent  bridge.  The  course  of  the  stream  is  straight  for  several 
ed  yaixis  a]x)ve  and  below  the  bridge,  and  the  current  fairly 
The  bottom  is  hard  and  rocky  and  not  subject  to  any  decided 
e  by  high  water.  The  observer  is  M.  L.  Brittain,  Murphy,  North 
na.  The  results  of  measurements  may  be  found  as  follows: 
•7,  Nineteenth  Annual  Report,  Part  IV,  page  269;  1898,  Twen- 
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No  readings  July  1  to  9;  gage  broken. 


HIWASSEE    RIVER  AT   CHARLESTON,    TENNESSEE. 

The  gaging  station  on  this  river  is  located  at  the  bridge  of  the  South- 
ern Railway  000  feet  from  the  depot  in  the  town  of  Charleston,  'IVn- 
nessee.  It  is  17  miles  above  the  mouth  of  the  river  and  53  miles  ab<»vo' 
Chattanooga,  Tennessee.  The  drainage  ai*ea  is  mapped  on  the  Cleve- 
land, Murphy,  Ellijay,  Nantahala,  Dahlonega,  Dalton,  Loudon,  and 
Kingston  atlas  sheets.  This  station  was  originally  established  l)y  the 
United  States  Engineer  Corps,  but  is  now  maintained  as  a  half-year 
station  by  the  United  States  Weather  Bureau,  gage  heights  being  kept 
from  November  1  to  April  31,  inclusive.  The  gage  rod  is  fastened  to 
the  downstream  end  of  the  south  pier  of  the  bridge,  125  feet  from  the 
shore.  It  is  painted  white  and  marked  in  feet  and  tenths.  The  bench 
mark  is  across  cut  in  the  top  surface  of  the  upper  corner  stone  of  the 
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,  and  is  35.00  feet  above  the  zero  of  the  gage.  The  greatest  height 
irded  at  this  point  was  on  March  31, 1886,  when  the  gage  read  32.2 
.  The  danger  line  is  placed  at  22  feet.  The  railroad  bridge  is  an 
L  3-span  bridge,  with  a  total  length  of  390  feet.  There  are  embank- 
Its  at  each  end  which  confine  the  water,  even  at  the  highest  stages, 
[lin  the  banks.  The  observer  is  J.  M.  Bates,  Charleston,  Tennes- 
The  following  measurements  were  made  b3-  Max  Hall  in  1899: 

May  6,  gage  height,  3.65  feet;  discharge,  6.684  second-feet 
May  25,  gage  height,  e.a^i  feet:  discharge.  3,730  second-feet. 
September  16,  gage  height,  0.35  foot:  discharge,  1,366  second-feet 
October  27,  gage  height,  0.20  foot;  discbarge.  1.194  second-feet 

aihjijatfi*  height,  i it  feet ,  of  Hitrajaux'  Rir*-rat  CharleMon,  T^nneMtee,  fnr  1S90. 
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No  rearlinfpi  May  1  to  r>(rtober  31. 

measurement  of  IliwaMsee  River  at  Reliance,  Tennensee,  was  made 
tfax  Hall,  October  L^5,  1800:  Gajr**  heijjht,  2.tiO  feet;  discharge,  G07 
md-feet. 


TOCCOA  RIVER  AT  BLUERIDGE,  GEORGIA. 

his  stream  has  its  source  on  the  northern  slopes  of  the  Blue  Ridge 
intains,  in  Georgia,  and  flows  northwesterly  into  Hiwassee  River. 
)  area  is  covered  with  a  fine  growth  of  oak,  hickor}%  and  other  hard 
»d8,  and  is  mapped  on  the  EUijay  and  Dahlonega  atlas  sheets.  The 
ion,  established  by  B.  M.  Hall  on  November  25,  1898,  is  located  at 
Morganton  bridge,  about  4  miles  east  of  the  town  of  Blueridge, 
irgia.     The  gage  is  a  14-foot  rod,  in  two  7-foot  sections,  nailed  to  i^ 
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on  Uie  right  bank  just  Ijelow  the  bridge.     It  is  ^aduat^l  to  feet 
and  tenttis,  and  is  set  to  conform  to  beucli  marks  which  were  f?^tab- 
lished  October  15,  1896,  and  October  26,  18^8.    The  meajsureiueDte 
during  1806  were  made  at  the  railroad  bridge  about  3  miles  below,  but 
are  referred  to  the  present  gage  by  <x)inparison  of  the  bench  marks  at 
the  two  bridges.     The  bench  mark  at  Morganton  bridge  is  on  the  top 
of  the  bridge  floor,  on  the  downstream  side^  50  feet  from  the  initial 
point,  and  m  18,TO  feet  above  zero  of  gage.     ThiB  bridge  is  a  woi>r]**n. 
qtieen*post^  open  bridge,  in  three  spans,  with  a  total  length  betwi»eD 
abntments  of  153  feet.     The  width  of  the  river,  including  the  Im^ 
piers,  at  ordinary  stages  is  143  feet  between  bankB,  the  three  chamiolji 
being  50,  38,  and  33  feet.     The  observer  is  iL  V.  Preesley,  n  mail 
carrier  who  crosses  the  bridge  twice  daily,  except  on  Snnthiy»;  m 
readings  are  had  on  this  day^  but  figures  have  been  interpolafd. 
The  following  me&suremonts  were  made  by  B,  M,  Hall  and  Mi%k  BaHl 
during  1899 : 


I 


April  2S,  gage  height,  3,50  feev,  di^^harge,  1441  second- feet. 
June  IS.  gage  height,  2.70  foot;  discharge,  523  second- feet. 
September  15,  ga^  height,  13S  feet;  diecharge,  242  second-feeU 
October  24,  gsge  height,  L^  feet;  discharge,  222  aecond-f eat 
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TENNESSEK   RtVER   AT  KNOXVILLE,  TENNEHSEE, 

This  rivtM"  is  I'onned  by  the  junclLoii  of  Fn>n*'li  lirontl  and  Hdl^-i^'i 
riv(.*rs  4  miles  al^ovu  Kno.xvilli*.  Tht."  ihaiuage  basin  is  m?ipiiftl '^^ 
KnoxvUhj  MwyiiMrtltiville,  Morrieilown,  Junr«\iUe,  Estillville,  BrlsU'l 
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bingdon,  Tazewell,  Pocahontas,  Greenville,  Asheville,  Roan  Moan- 
dn,  Cranberry,  Mount  Guyot,  Mount  Mitchell,  Morganton,  Saluda, 
isgah,  Cowee,  and  Wytheville  atlas  sheets.  The  station  was  origi- 
ally  established  by  the  United  States  Weather  Bureau,  and  was  lo- 
oted at  the  old  county  highway  bridge  at  Knoxville,  which  has  lately 
een  torn  down.  The  new  gage  is  situated  at  the  Augusta  and  Knox- 
ille  Railroad  bridge.  The  datum  of  the  now  gage  is  0.6  of  a  foot 
igher  than  that  of  the  old  one,  so  that  this  amount  has  to  be  added 
3  the  new  readings  to  make  them  confonu  to  the  old  standard.  This 
orreetion  has  been  applied  to  the  published  heights  of  the  Weather 
bureau  and  of  this  Survey,  both  in  the  table  of  gage  heights  and  in 
the  list  of  discharge  measurements.  Metusurements  of  discharge  are 
Oiade  at  the  Cherokee  highway  bridge  2^  miles  below  the  gage,  as 
there  is  at  that  point  a  better  section  for  meter  measurements.  This 
bridge  is  a  three-simn  iron  bridge,  and  the  width  of  water  surface 
at  low  stages  under  it  is  550  feet.  The  bridge  is  about  80  feet  al)ove 
low  water.  The  following  measurements  were  made  by  Max  Hall 
during  1891): 

May  4,  gage  height,  1.90  feet:  discharge,  12,810  second-feet. 
May  25,  gage  height,  1.70  feet;  discharge,  10,134  second-feet. 
September  16,  gage  height,  0.10  foot;  discharge,  3,912  second-feet. 
October  26,  gage  height,— 0.60  foot;  discharge,  2,728  second-feet. 

I^Uy  gage  height,  in  feet,  of  Tennessee  River  at  Knoxville^  Tennessee,  for  1899, 


Day.       Jan.  ,  Feb.     Mar.     Apr.    May.   Jnne.  July.    Ang.    Sept.     Oct     Nov. 


3. 
4. 
5. 
6 
7 . 

9. 
lU 
IJ  . 
12. 
13 
14. 
15. 
16. 
17. 
18. 
19. 

ao. 

21. 


24. 
25 
M 
27. 

29. 
»l. 
31. 


to) 
tuj 
in) 

frij 
Ut\ 
<»> 
if*} 
ffll 
I") 
cm 
uij 

trir 

1.1) 

HI) 
±4fl 

2,  m 

2.-W> 
2.21) 
2.10 

\.m 
l.ritt 
1.50 
1.50 

i.m 
1  «) 

l.fiO 

].:v) 

1.20 
1.3U 


1.3D 
l.SD 
1.40 

».m 
as.  50 

S3,  ail 

ItJ.UJ  I 
R4()  ' 

«.(«> 

'AiVt 
2.(11 
2.  iff 
XMi 
1J») 
fl.OO 
5. 70 
4.80 
4.31) 
4.40 
4.441 
3.») 
3.50 
5.20 
9.40 


9.20 
6.80 
6.40 
14.00 
14.40 
19.20 
16.40 
9.00 
6.70 
6.10 
6.10 
4.00 
4.20  : 
3.90  ' 
11.50  I 
2l>.40  I 
17.40  : 
11.00 
IH.OO  I 
28.00 
25.40  I 
13. 60  > 
10. 10  • 
7.80  I 
7.U)  1 
6.50  I 
7.60  1 
9.21) 
12.20 
12.10 
10.40 


8.00 
6.60 
5.60 
5.80 
8.20 
7.60 
6.00 
5.90 
6.50 
7.30 
6.20 
5. 20 
4.W 
4.50 
4.01) 
3.  HO 
3.50 
3.20 
2.90 

2.  HO 
2.60 
2.50 
2.;{0 
2.20 
2.40 
2.«1> 

3.  IN) 
2.70 
2.60 
2.50 


2.ao 

2.20 

2.00 

2.00 

2.40 

2.00 

3.80 

4.40 

5.40 

5.20  I 

4.40 

4.G0 

4.:J1) 

4.40  i 

4.^0  ! 

4.80 

3.00 

2.40 

2.20  i 

2. 10  , 

1.90 

l.HO  , 

1.80  ! 

1.70  I 

1.70  I 

l.W)  I 

1.40 

1.30 

1.20 

1.20 

1.30 


1.50 
1.10 
1.70 
1.00 
1.40 
1.20 
1.10 
.90 
.90 
1.10 
1.20 
1.40 
1.70 
3.00  i 
3. 10  1 
3. 70 
2.40 
2.00 
1.00  , 
1.40  I 
1.20  ' 
1.00 
.90 
.70 
.HO 
1.20 
l.lt) 
1.10 
1.6I> 
1.40 


1.20 
.90 
.60 
.40 
.20 
.40 
.30 
.30 
.40  I 
.40 
.40  1 
.50 

.;«)  i 

.20 
.10 
.00 
.00  1 
.10  I 
.20  I 
.40 
.40 
.40  I 
.30 
.20 
.31>  ' 
.:)o  I 

1.40 

i.:jo  I 

2. 10  ■ 
2.60  ! 
1.40  i 


1.00 
.80 
.70 
.60 
.40 
.30 
.20 
.20 
.20 
.30 
.30 
.70 

.81)   : 

.80 
.lit) 

.50  I 

.:«) ' 
.a)  I 

.10 
.IN) 
.10  1 

.20 

.;jo  ' 

.40  I 
.40 

.50  I 
.1)0 

.ISO  I 

A*)  . 

.00  I 


0.80 
1.60 
1.40 
.80 
.60 
.40 

.:« 

.30 
.30 


-0. 10 

-  .20 
--  .30 

-  .30 

-  .40 
--  .40 

-  .50 

-  .30 
«.,  ,-  .20 
30  I-  .60 
40  ,-H  .80 

.70  ■       .70 


.60  I 

.40  I 

.:«) 
.20 
.10 
.IN) 
.10 
.00 
.20 
.50 
.40 
.20 
.IN) 
.IN) 
.20 
.20 
.10 
.00 


.40 

.:«) 

.20 
.10 
.00 
.10 
-  .10 

-  .20 

-  .20 

-  .30 
.30 
.40 
.50 
.50 
.60 
.60 
.60 
.40 
.40 


-0.20 
-h.40 
.50 
.50 
.50 
.40 
.30 
.10 

.a) 

-  .  10 

-  .20 

-  .20 

-  .30 
.30 

-  .40 

-  .50 

-  .50 
.60 

-  .60 
.60 

-  .70 

-  .70 

-  .70 

-  .60 
.50 

-  .50 

-  .40 
.20 

^  .20 

.:») 


Dec 


o.ao 

.30 

.30 

.40 

.30 

.30 

.10 

.10 

.00 

-  .10 

.20 

.00 

4.60 

5.31) 

4.90 

3.30 

2.60 

1.90 

1.80 

1.80 

1.60 

1.90 

1.80 

2. 10 

3. 40 

3. 70 

3.20 

2. 50 

2.20 

1.70 

1.70 


a  Janaary  1  to  16,  no  reodint^;  gage  obstracted  by  false  work  of  now  bridgt* 

Clinch  River,  a  tributary  of  Tennessee  River,  was  mea8ure<l  at 
'linton,  Tennessee,  on  May  5,  at  a  gage  height  of  7.65  feet,  and 
bowed  a  dischai^e  of  5,220  second-feet. 
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TBKKKSBSfi  KIVEH  AT  CHATTANOOOA,  TENIfESSEE* 

Tliw  rivi^r,  Jifter  i>i;^sing  Cbfittaiuxjga,  enters  Alabama.  It  then 
nmkeK  n  bi^nd  to  the  wef*t  and  later  to  the  north,  returning  to  Ten- 
HBBS€ii\  Flowing  through  this  Stale  and  Kentucky,  it  emptier  into 
tho  (Miio  50  miles  above  Cairo.  In  IH7Q  a  gage  wa»  established  at 
ChattaiicM>ga,  Tennessee,  at  the  foot  of  Lookout  street,  jast  below 
Chattanooga  Island,  by  the  Signal  Corps  of  the  United  States  Army, 
whidi  lias  been  in  charge  of  the  Weather  Bure^iu  ^ince  July  1,  180L 
The  drainage  area  above  this  station  it*  21,383  sijuiirt^  mile.s,  and  is 
mapped  on  Morristown,  Greenville^  Roan  Mount^ain,  London,  Knox* 
ville.  Mount  Gijyotj  Asheville,  Murphy,  lirieeville,  SUtindingstone, 
Wart  burg,  IMkeviUe,  Maynardville,  Cumlierland  Gap,  Jonesville, 
Efitillville,  Bristol,  Whit-esburg,  Grniidy,  Abingdon,  Taisewell,  Poca- 
hontas, Wj'lheville,  Cranl>erry,  Morgan  ton,  Mount  Mitchell,  Saluda, 
Pisgah,  C^ioiu,  Nantaiiala,  Walhalla,  Dahlonega,  EUijay,  Dalton, 
Cleveland,  Ringgold,  Kingston,  and  Cliattani^K>ga  atlas  sheets.  The 
gage  is  on  an  inclined  railroad  irfjn  for  al>out  21)  fe«t  of  its  lower 
portion,  Al>ove  this  it  is  a  vertical  rod  bolted  to  the  roek  bluff  form- 
ing the  river  bank.  The  zero  of  tJie  gage  is  030.64  feet  above  se* 
level.  Measurements  are  mswle  from  the  Haniiltrtni  County  stt^el  high- 
way bridge  at  the  foot  of  Walnut  stn^et,  ^i  short  distance  below  the 
gagts.  Gage  heights  are  obt^ine<l  from  L.  M.  Prindell,  United  States 
Weather  Bureau  observer.  Revonls  of  measnrement  may  l»e  found 
as  foUowH:  1800  to  1895,  Kight*H*ntli  Annual  Report,  Part.  TV,  ]m^ 
V20;  JSufi-ti7,  NiiH^cetith  Annual  llrpurt,  Piirt  1\\  page  J^n;  18:'S, 
Twentieth  Annual  Report,  Part  IV,  page  210.  The  following  me<'is- 
urenients  were  made  by  Max  Hall  and  others  during  18*J<i: 

May  3,  ga^e  height,  0.71  feet;  discharge,  :J7,770  second- feet. 
May  20,  irnge  height,  4.70  feet;  discharge,  35,520  second-feet. 
June  21,  gage  height,  4.15  feet;  discharge,  21,391  second-feet. 
September  15,  gage  height,  1.90  feet;  discharge,  10,819  second-feet. 
October  27.  gage  height,  0.80  foot:  discharge,  0,500  second-feet. 

East  (Jhit^kaniauga  Creek,  a  tributary  of  the  Tennessee,  was  meas- 
ured at  Anderson  upper  ford,  3  miles  from  Ringgold,  Georgia,  ()cto]>er 
20,  and  gave  a  discharge  of  35  second-feet. 
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ly  fff'O^  height,  in  feet,  of  Tennessee  River  at  Chattanooga,  Tennessee,  for  1899, 


Day. 

Jan. 

Feb. 

H„ 

Apr. 

May. 

June. 

Jnly. 

A^. 

Sept. 

Oct. 

Nov. 

Dec. 
1.70 

1      . 

4.r» 

5.70 

19.25 

22.80 

7.60 

4.15 

8.45 

4.20 

2.20 

1.20 

1.10 

•> 

4.Ji"» 

5.65 

17.  tM 

19.  .W 

7.10 

4.25 

3.80 

3.65 

3.36 

1.10 

1.10 

1.70 

3... 

1    r,.a) 

5.«n 

L5.15 

14.90 

6.70 

4.40 

8.05 

8.05 

2.80 

1.05 

1.05 

1.70 

4 

!     a.HII 

10.70 

14.15 

13.95 

6.30 

4.86 

2.80 

2.75 

3.05 

.95 

1.10 

1.70 

5    - 

i   .va> 

33.10 

17.95 

13.25 

6.15 

4.65 

2.60 

2.45 

2.65 

.90 

1.60 

1.80 

« 

'  :.:» 

30.45 

34.511 

14.70 

7.10 

4.25 

2.60 

2.45 

r.25 

.80 

1.60 

1.70 

i  .   . 

is.  SI) 

34.30 

3B.55 

15.70 

8.50 

4.05 

2.65 

2.40 

1.95 

.85 

1.50 

1.60 

H 

IS.  44 » 

3H.95 

37.*) 

18.05 

9.35 

a75 

3.05 

2.40 

1.80 

1.00 

1.45 

1.60 

9 

17.:>, 

38.35 

37.70 

17.75 

10.00 

3.55 

2.90 

2.25 

1.60 

1.15 

1.35 

1.40 

10  . 

17.  ir. 

3li.75 

Hi.  15 

15.70 

10.70 

a40 

2.60 

2.10 

1.80 

l.tJO 

1.30 

1.40 

11  .. 

{.\.  hr» 

:«.:«» 

11. K5 

14.20 

11.15 

3.90 

2.55 

2.10 

1.70 

1.80 

1.15 

1.60 

|4 

KK.'iO 

I9.:i> 

10.00 

12.90 

10. 40 

4.30 

2.45 

2.00 

2.00 

1.85 

1.10 

5.30 

i:i 

:   y.i.'i 

12.15 

9.55 

11.65 

9  00 

5.25 

2.30 

2.00 

1.80 

1.70 

I. a) 

6.46 

U 

M.  Itl 

9.o0 

11.20 

10.70 

9.30 

5.80 

2.30 

2.25 

2.00 

1.65 

l.Of) 

7.40 

15       . 

7.  .V, 

H.ai 

34. 55 

10.00 

9.55 

6.45 

2.15 

2.05 

1.85 

1.40 

1.00 

7.16 

1«»   . 

1    731) 

7.55 

34.25 

9.40 

9.20 

6.10 

1.95 

2.65 

1.65 

l.» 

1.00 

0.20 

17. 

7.44) 

7.U5 

:».9o 

H.75 

8.70 

6.40 

l.W) 

2.40 

1.45 

1.15 

1.00 

.5.20 

1» 

7.4.-> 

9.55 

3rt.  15 

H.40 

7.75 

6.30 

1.80 

3  30 

1.35 

1.15 

1.00 

4.25 

19.- 

i    7.::5 

ll.:)o 

:i5.  S5 

8.  (JO 

6.90 

5.25 

1.90 

2. 15 

1.20 

1.10 

1.00 

3.85 

ai . 

7.<H» 

13.65 

:J7.05 

7.55 

6.40 

4.70 

2.05 

1.90 

1.05 

1.10 

.95 

4.25 

^\ 

1     «.NI 

11.50 

W.30 

7  35 

5.9i» 

4  30 

2.05 

1.70 

1.00 

1.10 

.85 

4.40 

23    .. 

»i.  4.'» 

1H.G5 

4<).00 

7.(6 

5.(10 

3.75 

2.40 

1.60 

1.05 

1.10 

.85 

4.40 

•Si    .. 

;■».!«» 

10. 10 

:iK.7o 

7.K5 

5.:i'> 

3.50 

2.70 

1.45 

i.;io 

1.05 

1.00 

4.15 

34 

',.«.-, 

0. 75 

32.70 

9.05 

5.:io 

3.25 

3.50 

1.30 

1  51) 

1.00 

1.15 

5.65 

25 

(>.U~) 

9.50 

z^  15 

9.^5 

5.05 

3.15 

3.40 

1.31) 

1.50 

.95 

1.30 

0.15 

» 

♦i..i-> 

9.30 

io.;«) 

10.75 

4.8«) 

3.00 

3.(*) 

1.20 

1.45 

.a5 

1.70 

6.30 

?:.... 

TiK-i 

13. 3f) 

13.  Jk5 

10.30 

4.ti5 

3.25 

3.05 

1.20 

1.30 

.80 

1.80 

6.85 

» .... 

1    5.75 

is.  45 

13.95 

9.30 

4.40 

3.ti5 

3.(i5 

1.25 

1.20 

.80 

1.85 

5.55 

» 

;   5.r>5 

17.  :w 

8.35 

4.30 

3.50 

4.25 

l.fiO 

1.25 

.90 

1.80 

5.10 

») 

'   r).;«» 

31.30 

7.75 

4.20 

3.30 

4.25 

1.85 

1.30 

1.00 

1.75 

4.66 

:n  ... 

5.:w 

23.  HU 

4.25 

5.15 

1.75 

.05 

3.65 

OLENTANOY   RIVER  AT  COLUMBUS,   OHIO. 

This  rivei*  risos  in  the  north-central  part  of  Ohio  and  flows  in  a 
itherly  direction  into  the  Scioto  at  Columbus.  Its  watershed  is  in 
leral  flat  and  for  the  most  part  cultivated.  Systematic  measure- 
>nts  were  be^n  in  Columbus  on  Noveinl)er  22,  1898,  when  the  sta- 
n  at  the  Fifth  avenue  bridge  was  estivblished  by  H.  A.  Pressey, 
of.  C.  X.  Brown,  and  I^.  H.  Flynn.  The  gagings  are  made  on  the 
•stream  side  of  the  bridge,  the  initial  point  being  on  the  left  bank, 
wooden  x>ost,  graduated  to  feet  and  tenths,  was  driven  in  the  bed 
the  stream  near  the  l)ridge  as  a  gage,  and  referred  to  a  scale  cut  in 
e  face  of  the  left  abutment,  from  which  high-water  readings  can  be 
ken  directly.  Th<*  observations  of  river  heights  are  made  under 
e  direction  of  Prof.  C.  N.  Hrown,  of  the  Ohio  State  University, 
le  students  in  civil  engineering  have  for  the  last  two  years  studied 
e  rainfall  and  run-olT  of  the  basin  of  the  Olentangy  and  Scioto 
'ers.  A  (h^scription  of  the  watei'shed  and  the  results  of  observa- 
•na  may  In*  found  in  the  Twentieth  Annual  Report,  Part  IV,  page 
5.     TIh^  following  measurements  were  made  during  1899: 

Measumnpnla  of  Olentangy  Hiver  at  Columbus,  Ohio, 


Date 


Jan.  5. 
Jan. 15.. 
Mar.  15 . 
Mar.  10  . 
Mar.  2ii . 
Mar.  23 . 
Mar.  24. 
Do.. 


1899. 


height. 

Feet. 
5.71 
7.90 
1.87 
l.»7 
3.5H 
3.96 
4.54 
4.21 


Dis- 
charge. 


Date. 


Sec-feet. 
5,335  I 
9,236 
387 

in 

2,356; 
1,430  1 
3.174, 
3,910  1 


1899. 

Mar.  25 

Mar.  27 

Mar.  :il 

Apr.  6 

Apr.  17 

Apr.  as 

Sept.  16 


Qago 
height. 

Feet. 
3.25 
3.15 
3.67 
1.70 
1.46 
1.33 


Dis- 
charge. 


Sec. -feet. 

1,717 

1.546 

2.231 

336 

180 

136 


\ 


rt 


76  OPERATIONS   AT   ElVEE   STATIONS,  ISSU. — ^PAET    II.        [^o^^ 

Daily  gage  height^  in/eef,  of  Olmtangi/  River  at  ColumbitSj  Ohio^for  M$$. 


Day. 

Jul, 

Feb. 

Mar. 

Apr. 

May, 

Jane, 

Jnly. 

Aug. 

Sept. 

Oct. 

Not. 

Deet 

!.._  . 

1,9& 

l.ftS 

£.05 

a  70 

1.24 

3.30 

1,15 

!.S0 

1.10 

LOO 

1.10 

LJO 

t,,... 

LTO 

L5& 

3,fl5 

3.80 

.38 

afiO 

Lift 

1.30 

MO 

l.fti 

1.10 

LM 

a...  . 

£.10 

I.5& 

2.57 

a  Si 

.la 

8.00 

1.10 

1.90 

1.10 

LOO 

1,15 

L^t 

4 

LU 

L6& 

S.QU 

IM 

1.27 

2.55 

1.10 

1.40 

I.IO 

i.m 

l.SO 

Lai 

fi..„. 

h.m 

1.55 

4.37 

1.82 

1.27 

2.00 

MO 

1,60 

1.10 

LOO 

L30 

Lao 

« 

a.  17 

1.6ft 

i.m 

1.73 

.IT 

1.75 

1.10 

3.10 

1,10 

1.00 

La> 

i.m 

T..-. 

3.80 

1.65 

a  CO 

1/70 

.80 

LftS 

LIO 

a  46 

1,10 

i.tw 

LflO 

t.m 

B,„.. 

2. 57 

1.56 

2.14 

a  00 

IM 

1.55 

1.10 

a  10 

1,10 

LOO 

vm 

Lao 

i 

gll* 

L56 

2,07 

a  46 

1,3H 

1.15 

1,10 

1.75 

1.10 

LOO 

LSO 

L30 

to 

«.06 

1.55 

B.OT 

a  45 

L£8 

1.60 

l.io 

1.46 

IflO 

LOU 

1.30 

Lao 

n  .„.. 

1.87 

I.5& 

3  33 

a  06 

1.34 

1,40 

1,10 

1,40 

1.00 

LOO 

1.10 

Lfli 

13..... 

L7T 

L55 

2,80 

L83 

,18 

1.40 

1.10 

1.35 

1,00 

l.OtJ 

LIO 

Lfi5 

18..,  _. 

1,80 

L56 

3,57 

1.73 

.37 

1,80 

1,10 

1,30 

i.on 

LOU 

1.10 

L» 

1*,,.,, 

8.4u 

L55 

K.aO 

1.75 

1.9) 

L30 

l.]6 

1.26 

l.ou 

LOO 

1.130 

i.ai 

!&,.„. 

8.20 

1.55 

LW 

l.fld 

i.m 

1.30 

1,10 

1.30 

1.00 

LOO 

i.a) 

l.JSD  , 

w 

A.  00 

L55 

l,fl« 

1.55 

1.3t) 

1,3) 

i.a> 

1,30 

1.00 

1.00 

Lia> 

L45 

17.„., 

4.OT 

L55 

L98 

1.48 

1.14 

t.a) 

1,35 

1.30 

LOO 

LOtI 

1,30 

\.m 

IB 

S.B8 

165 

L87 

LIS 

1,17 

1,30 

1,30 

1.30 

1.00 

1.00 

L30 

1.60 

19 

£.53 

2.B2 

S.4S 

1.40 

LLT 

1.25 

1.40 

1.30 

1,00 

I.m 

1.30 

I.m 

ao 

».I0 

8.17 

3.06 

i.m 

1.3t) 

1,35 

L56 

1.10 

1.00 

i.m 

i.ao 

aa» 

'    SI  „... 

hm 

LS7 

a.M 

i.as 

L25 

1. 30 

1.46 

1.10 

LOO 

l.Wl 

L30 

3.75 

!^ 

LSfl 

2.m 

a.  BO 

1.33 

i.m 

1,45 

Lm 

1,10 

1.00 

I.m 

LSJU 

3.39 

as_,... 

1.80 

Sfti 

5.1fl 

1.^ 

1,40 

11,36 

i,ao 

1.10 

1.00 

Lm 

L30 

IM 

34 

1.80 

A  87 

4.48 

l.W 

L25 

l.OO 

1,25 

1.10 

l.ttJ 

LOO 

1.30 

im 

as 

1.87 

L88 

3.34 

1.31 

1  3i> 

1,!^) 

LiO 

1,10 

1.00 

LOO 

l.ao 

tm 

5j8.„   , 

i.ai 

L87 

3,87 

l.f7 

i.:a> 

1.4,6 

LfiO 

1.10 

1-00 

LOO 

L30 

\M 

ST 

L7ft 

atff 

3,48 

L31 

1.35 

L35 

1,80 

1.10 

LOO 

Lai 

1.20 

Lm 

m 

1.6& 

3.B£ 

8.64 

1.45 

L35 

Li;o 

1.30 

1.10 

LOO 

L05 

LSO 

vm 

3» 

1.55 

aTB 

1.35 

1.35 

1.30 

Li30 

1.10 

LOU 

LiO 

L15 

hm 

m 

1.5fi 

a  13 

i,ao 

I.(W 

1.30 

i.ao 

HO 

LOO 

LID 

LIO 

hm 

3l-,„. 

IM 

a»» 

-— 

L9& 

,„.,.. 

LSD 

LIO 

LIO 

i.m  ' 

SCIOTO  RiVER  AT  COLUMBUS,   OHIO. 

This  river  drains  the  central  portion  of  the  State  of  OhiOj  and  flows 
in  a  general  southerly  direction  into  Ohio  Iliver  near  the  city  of 
Portsmouth.  Its  watershed  is  flat  and  highly  cultivated  above  Colum- 
bus, while  ill  the  southern  part  it  is  hilly,  with  comparatively  little 
cultivation.  A  description  of  the  watershed  and  results  of  niea.snre- 
inents  may  be  found  in  the  Twentieth  Annual  Report,  Part  IV,  pa^^^ 
212.  Systematic  measurements  were  begun  at  Columbus  NoveniUer 
22,  1898,  when  a  station  was  established  by  J  J.  A.  Pressey,  Prof.  C.  N 
Brown,  and  I>.  II.  Flynn.  It  is  located  at  the  Grandview  aveiiue 
bridge  in  Columl)us.  Tlie  wire  gage  is  located  on  the  ux)streain  side 
of  the  bridge,  and  is  referred  to  a  scale  cut  in  the  face  of  the  left 
abutment,  from  which  liigh- water  readings  can  be  taken  directly. 
The  river  bed  at  the  station  is  rocky.  1'he  l>anks  are  naturally  \o\\\ 
but  lev^ees  have  been  built  on  eacli  side  in  order  to  prevent  overflow; 
high  water  seldom  reaches  the  top  of  tlie  levees,  but  occasionally  tliev 
are  overflowed.  The  following  measurements  were  made  under  tiie 
direction  of  Prof.  C.  N.  Brown  during  1899: 
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MecuuremenU  of  Scioto  River  at  Columbus^  Ohio, 


Date. 


Gase 
Might. 


heigl 


Dis- 
charge. 


Date. 


Gagt: 
height. 

Dis- 
charge. 

Feet. 

8ec.'feet, 

14.06 

8,879 

14.66 

8,894 

11.76 

06S 

11.94 

1,116 

11.  ao 

668 

11.  oe 

631 

10.72 

841 

0.00 

236 

9.80 

208 

9.10 

23 

1809. 


Jan.  15.. 
Jan.  20.. 
Mar.  6... 
Mar.  8... 
Bfar.9... 
Bfar.17.. 
Mar.20.. 
Mar.2S.. 
Mar.  24.. 
Do. 
Mar.S).. 


19.60 
13.00 
15.60 
18.36 
12.89 
11.61 
14.06 
14.30 
15.00 
14.57 
14.58 


8ec.'feet. 
lil 


1899. 


Mar.  27.. 

Mar.  29.. 

Apr.  5... 

Apr.  8... 

Apr.  14.. 
.-.  ,  Apr.  16.. 
3,271  l!  Apr.  18.- 
3,905  Apr.  23  . 
4.526  .!  Apr.  26.. 
4.060  ,i  Sept.  16. 
3.019  |l 


895 
2.291 
6.867 
2,457 
1,995 

942 


Daily  ipHte  height,  in  feet,  of  Scioto  Rit*er  at  Columlnut,  Ohio,  for  ISiKK 


Day.       Jan.     Fol». 


1 11.25 

2 1  11.30 

3 10.  «> 

4 !  11.50 


5. 

«. 

7  . 

8. 

9. 
10. 
11- 
12- 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 


35. 

20- 
27. 
28. 
20. 
30. 
31. 


Ift.OO 
15.75 
14.25 
13.  .W 
1.S.25 
13.25 
11.45 
11.20 
11.70 
30.30 
19.65 
17.85 
16.80 
15.40 
14.05 
13.10 
13.55 
11.95 
11.65 
11.50 
11.55 
11.40 
11.10 
10.65 
10.80 
11.00 
11.05 


10.65 
10.80 
10.50 
10.45 
10.35 
10.40 
10.40 
10.35 
10.30 
10.30 
10.40 
10.40 
10.30 
10.30 
10.80 
10.85 
10.20 
10.80 
11.10 
11.25 
11.40 
12.60 
13.45 
12.60 
12.25 
12.85 
15.15 
14.26 




—  — 







- 



Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

o<t. 

9.05 

Nov. 
9.45 

Dec. 

13.80 

14.15 

9.60 

10.35 

9.10 

9.  SO 

9.10 

9.45 

13.60 

13.30 

9.75 

10.35 

9.00 

9.40 

9.10 

9.20 

9.35 

9.40 

i:j.  15 

13.70 

9.85 

10.70 

9.10 

9.40 

9.00 

9.26 

9.30 

9.40 

13.65 

12.10 

9.80 

10.90 

9.10 

9.30 

9.00 

9.20 

9.35 

9.35 

15.85 

11.75 

9.70 

10.40 

9.10 

9.35 

9.00 

9.30 

9.40 

9.80 

15.65 

11. .% 

9.65 

10.30 

9.10 

12.70 

9.00 

9.10 

9.35 

9.30 

14.65 

11.40 

9.60 

10.00 

9.5<l 

11.95 

9.00 

9.00 

9.40 

9.40 

13.61) 

11.05 

9  85 

9.70 

9.30 

11.10 

9.00 

9.00 

9.30 

9.30 

13.00 

12.35 

9.75 

9.70 

9.05 

10.65 

9.00 

9.00 

9.26 

0.30 

12.55 

13.15 

9.70 

9.65 

H.90 

10.30 

9.00 

9.05 

9.25 

9.30 

13.80 

11.85 

9.70 

9.55 

8.90 

9.95 

9.00 

9.10 

9.85 

9.35 

13.06 

11.55 

9.75 

9.45 

9.00 

9.75 

9.00 

9.10 

9.25 

9.50 

13.90 

11.35 

9.80 

9.40 

9.00 

9.65 

9.00 

9.10 

9.15 

0.66 

13.45 

11.80 

9.70 

9.40 

9.80 

9.45 

8.96 

9.10 

9.30 

laio 

11.96 

11.15 

9.00 

9.80 

9.35 

9.35 

8.95 

0.10 

9.25 

10.00 

11.86 

10.96 

9.00 

9.40 

9.60 

9.30 

9.00 

0.10 

9.20 

9.90 

11.65 

10.86 

9.00 

9.80 

9.75 

9.80 

9.06 

9.10 

9.80 

0.80 

13.35 

10.70 

9.55 

9.25 

9.96 

9.20 

0.10 

9.16 

9.80 

9.80 

14.30 

10.70 

9.60 

9.30 

9.85 

9.20 

9.00 

9.15 

9.80 

9.96 

14.10 

10.50 

9.60 

9.25 

9.00 

9.20 

8.90 

9.16 

9.80 

11.66 

13.95 

10.15 

9.60 

9.20 

9.00 

9.30 

8.95 

9.10 

9.36 

11.80 

14.20 

9.76 

9.70 

9.20 

9.65 

9.10 

<».06 

9.10 

9.45 

11.20 

16.40 

9.86 

9.56 

9.20 

9.60 

9.10 

9.05 

9.10 

9.30 

10.86 

14.96 

9.80 

9.55 

9.20 

0.50 

9.00 

9.05 

9.10 

9.25 

10.56 

14.60 

9.80 

9.50 

9.15 

10.35 

9.10 

9.00 

9.10 

9.25 

10.80 

15.45 

9.85 

9.40 

9.10 

9.75 

9.10 

9.00 

9.10 

9.35 

10.25 

14.25 

9.80 

0.40 

9.15 

10.20 

9.10 

9.00 

9  10 

9.30 

10.15 

L5.05 

9.75 

9.40 

9.10 

10.05 

9.10 

9.05 

9.26 

9.30 

10.10 

14.85 

9.70 

9.50 

9.10 

9.75 

9.10 

9.00 

9.40 

9.35 

10.10 

14.00 

9.70 

9.50 

9.10 

9.70 

9.10 

9.00 

9.40 

9.30 

9.95 

14.90 

9.75 



9.65 

9.10 

9.40 

9.90 

LAKK  SUPERIOR  OUTFLOW. 

In  I)(H*oml>cr,  1H95,  hiuI  January,  IHl^G,  the  United  States  engineers 
neasured  the  outflow  of  Lake  Sui)erior  under  each  of  the  spans  of  the 
ntemational  bridge.^  From  these  and  other  measurements  mmlo  at 
jpry's  dock,  alx)ut  a  mile  below  the  rapids,  the  discharge  at  various 
tages  of  tlie  river  was  computed  as  shown  in  the  following  table: 

Diftcharge  of  St,  Marys  Rii*er  at  ixiriotiJi  stages. 


SUgeof 
river. 


DiRcharge. 


'  Second-feet. 
57,440 
67,810 
81,310 
99.770 

Feet. 
600.6 
601.2 
602.0 
608.0 

1  Prom  report  by  Alfred  Noble,  civil  engineer.  May  35. 1897,  in  Report  on  OnnpQDflaUn«'Wc(c%&^ 
§\^Mffmit  Lake  Baperiar  Power  Company,  Sanlt  Bte.  Marie,  lUchigut,  %«p\«YBte«l^'^»A. 
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It  is  pr<3po®ed  t^  withdraw  from  St  Maryn  Rivor  about  SOjCKXi  s^eond- 
feet  by  a  canal  traversing  the  city  of  Sanlt  St^.  Marie,  Michigan, 
pass  it  through  turbines  instaUed  below  the  Government  pier  and 
r(iturn  it  to  the  river.  The  turbine  shafts  are  to  be  eoupled  directly 
t.o  electric  generat^jrs  which  are  to  develop  40, (XX)  effective  horsep<iw«?r. 
The  section  of  this  canal  in  rock  will  be  about  200  feet  wide  and  eanyi 
23  ft^ct  of  flowing  wat-er.  The  iivailable  head  ha.^  been  assumed  tcb? 
19  feet,  and  f mm  this  a  little  less  than  Z  feet  is  deducted  for  lA*^ses  by 
friction  and  other  <-aiiae?t,  leaving  an  efft^ctive  head  of  a  trifle  over  1§ 
feet,  as  given  by  the  report  of  Mr.  IL  von  8chon. 

The  above"descril)ed  measurement*!  were  made  by  Mr.  E.  E.  Haskell 
assistant  engineer^  and  briefly  noted  in  the  annual  report  of  the  Chief 
of  Engineers,  irnite<l  States  Army,  18U(j,  page  4027.  In  the  aeit 
annual  report.,  that  for  1HR7,  on  pages  4092  t<j  4104,  are  details  af 
measui^ment^  made  by  Mr.  E.  E.  Ibiskell  during  February  and  Mait'h,, 
1896.  The  diw^harge  section  was  in  the  reach  of  river  extending  fr*ini 
the  foot  of  St.  Marys  Rapids  tx)  the  Jiead  of  Little  Rapids,  It  hegan 
at  the  foot  of  Spry's  dr>ck  on  the  American  side  of  the  river  and  ended 
at  Plummer's  dock  on  the  Canadian  sidr*.  The  total  water  width 
at  this  point  is  2,483  feet.  The  river  wjis  frozen  at  the  time  of  making 
observations,  and  the  section  was  sounded  ami  current  ol>servatKma 
made  through  the  ice.  At  this  time  the  attempt  Wiis  made  to  measure 
low  velocities  by  means  of  a  hydrometric  pendulnm,  but  the  resiilto- 
obtained  with  this  instrument  wore  not  satis  factory.  It  wiis  fiamd 
til  at  the  friction  caused  by  the  ice  was  practically  31  per  cent  of  that 
eaustnl  by  tlii^  lMtttr>in.  TIh^  disehargi^s  as  inea!snn*d  \jirird  fmiu 
0(i,47n  to  77,2!+U  si'cimd -fei^t. 

In  additirm  to  ihe  meusurements  of  th<^  outflow  of  Lnk*-  SujK'iiiir 
similar  wurk  luis  b*^cn  doneoii  the  St.  Clair  and  Niagara  ri\rrs.  rtv-^uhs 
of  which  ari'  1*j  aj»i**3ar  in  tlio  annual  re[jort  ^^f  the  Chit*t'  nf  Kugiii>^Hi> 
for  tfie  y{sLr  ^mh ling  June  30,  I90<>.  'Investigations  of  Petrrdt  ainl  Si. 
Lawri*nce  rivers  and  ruhlitioiiMl  details  concerning  St.  Marys  Rivci me 
being  obtained  foi-  i)n]>lieation  a  y<^ur  lati^r. 

MAUMEE   rciVER    AT   WATEHVII.LK,    OHIO. 

Maum*M>  River  is  formed  by  the  junction  df  St.  .loseiili  htkI  St, 
Marys  rivers  n*^ar  Foil  Wayne,  Irjdiana,  and  thjws  in  a  nnri  licaslrrlv 
dii^ction  through  ()1ut>,  emptying  into  Lake  Erie  at  Toledo,  Th- 
soullicrn  narl  <if  the  watershed  is  flat,  thc^  ntjrthern  ]>arl  bcini:  iit^ntly 
nilliag  aud  hilly  in  jilaees.  Forim^rly  tfic  hilly  sect  ion  was  cnvtnd 
with  tiiriber,  all  of  the  best  of  which  has  lieen  cul,  leaving  a  seitiun  t'f 
scrub  timber,  with  occasional  farms  cleared  and  culiivateii.  At  tli<^ 
station  the  b(*d  ui  the  stream  is  rocky  and  the  current  sluggish,  tlic  fiJl 
being  oidy  l.l  fe^t  per  niiU-  tai  an  average.  1'svn  daais  have  hcrii  1m lit 
OTi  the  Maumct^^unc  at  Delia  nee,  lo  sujiply  water  U>r  the  nhji^  SlnTi^ 
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canals,  and  one  at  Grand  Rapids  for  furnishing  water  x)ower.  A  sta- 
tion was  established  on  this  river  by  H.  A.  Pressey  and  B.  H.  Flj-nn 
November  19,  1898.  It  is  located  at  the  highway  bridge  near  Water- 
ville,  the  gagings  being  made  on  the  downstream  side  of  the  bridge. 
Zero  of  gage  is  on  the  left  bank,  marked  by  a  nail  in  the  guard  rail. 
The  wire  gage  is  referred  to  a  bench  mark  out  in  the  upstream  side  of 
the  abutment  on  the  left  bank  of  the  river.  The  elevation  is  25.2  feet 
above  gage  datum.  This  is  the  lowest  place  on  the  river  at  which 
gagings  can  be  made  without  l)eing  affected  by  backwater  frnm  the 
lake.  The  observer  is  J.  E.  Harper,  station  agent  at  Waterville,  Ohio. 
Two  measurements  of  discharge  were  made  by  I>.  11.  Flynu  and  II.  A. 
Pressey  during  1809,  as  follows:  The  first,  on  March  3,  at  a  gage  height 
of  6.18  feet,  gave  a  discharge  of  15,490  second-feet;  the  second,  on 
September  25,  at  a  gage  height  of  2.15  feet,  gave  a  discharge  of  125 
second-feet. 


Daily  gage  height,  in  feet,  of  Maumee  River  at  Watervilley  Ohio,  for  1899, 


Day. 

Jan. 

Feb. 

7.60 

Apr. 

Ma>.. 

June. 

_ 

306 

July. 

Aug. 

Sept. 

Oct. 

Nov. 
235 

nee.1 

.1 

4.35 

3.00 

5.70 

300 

210 

2.25 

240 

200 

2.30 

2 

4.35 

ai5 

7.70 

5.25 

2.95 

300 

2.10 

2.35 

2.45 

2.00 

2.45 

2.20 

3 

4.05 

a35 

6.10 

5.50 

aoo 

300 

206 

2.35 

2.45 

2.00 

2.60 

220 

4 

4.80 

3.35 

6.85 

5.20 

2.85 

3.15 

2.05 

2.35 

2.40 

2.00 

2.40 

2.15 

6 

5.15 

3.45 

6.75 

5.25 

2.80 

325 

1.95 

2.25 

2.65 

200 

2.40 

2.10 

e 

6.70 

2.-43 

6.85 

5.10 

2.80 

310 

2.05 

355 

2.70 

2.00 

235 

2.10 

7.-.. 

5.50 

3.20 

6.56 

4.90 

2.80 

320 

205 

4.05 

2.66 

2.00 

2.45 

2.06 

8 

5.15 

3.80 

5.60 

4.90 

2.95 

310 

210 

375 

2.55 

2.00 

2.60 

2.00 

9 

4.40 

3.80 

5.10 

4.80 

315 

300 

2.05 

370 

2.50 

2.10 

2.90 

200 

10 

4.45 

3.80 

4.80 

4.70 

325 

295 

2.10 

360 

2.40 

2.10 

2.90 

2.00 

11 

4.45 

3.80 

5.36 

4.55 

aQ5 

3.95 

1.90 

360 

235 

2.00 

285 

2.10 

12 

4.10 

3.80 

7.00 

4.30 

2.95 

295 

200 

380 

2.30 

2.00 

2.90 

2.20 

13 

380 

3.80 

8.  TO 

4.20 

2.75 

286 

205 

350 

2.25 

200 

2.75 

2.25 

U 

5.00 

380 

7.76 

4.20 

305 

2.8I» 

1.90 

340 

220 

200 

2.76 

2.30 

15 

8.60 

3.80 

6.95 

4.10 

a35 

255 

l.K'i 

340 

215 

1.90 

2.00 

240 

16..  .. 

9.50 

380 

6.30 

320 

8.30 

250 

l.M) 

305 

210 

1.90 

2.50 

2.45 

17 

9.tf5 

380 

6.90 

3.75 

330 

2  40 

1.85 

2.80 

2.10 

1.95 

235 

2.60 

18 

8.80 

380 

5.96 

3.65 

3.15 

235 

2  05 

2.55 

200 

2.10 

225 

2.75 

1» 

7.85 

350 

7.36 

345 

325 

2  40 

2  40 

2.  a) 

200 

215 

230 

3.05 

20 

6.55 

2.95 

9.25 

3.50 

3.35 

230 

2.80 

2.20 

200 

230 

2.30 

390 

21 

5.H5 

3.00 

9.50 

315 

3.15 

215 

2.75 

2211 

2  a) 

230 

215 

4.50 

22 

4.90 

4.05 

8.90 

3W> 

3 15 

2.10 

265 

215 

2.00 

2.10 

230 

5.35 

23 

4  50 

4.50 

8.35 

3.U5 

335 

3.2r» 

2«0 

210 

2.00 

210 

235 

5.05 

24 

4.30 

5.20 

8.10 

3.30 

3  15 

2.30 

240 

210 

2(1) 

2. 10 

2  40 

4.50 

25 

3.95 

5.50 

7.30 

3.35 

3<M) 

2.  A) 

2  40 

205 

2.05 

2 10 

250 

4.10 

2tt 

4.IH) 

6.10 

7.15 

365 

2.75 

225 

2  a) 

215 

2. 10 

2.JI5 

260 

4.10 

27 

2.  no 

8.35 

7.<W 

3. 70 

2.85 

231) 

2a'i 

2  20 

2.tK> 

2. 00 

2  40 

4.00 

28    ..  . 

3.70 

8.40 

6.66 

3.35 

330 

225 

2. 50 

2  35 

2.00 

2(fi 

2  40 

4.00 

29 

2.90 

6.10 

310 

33r) 

2  31) 

2  4,5 

230 

2.10 

2.110 

240 

4.00 

3f> 

3.(1) 

5.75 

310 

3(15 

215 

2  40 

2  25 

2.10 

2  10 

2.30 

4.00 

31 

2.70 

5.65 

3  00 

235 

235 

2  30 

4.  (JO 

SANDUSKY   RIVER   AT   MEXICO,    OHIO. 

This  river  rises  in  the  north-central  part  of  Ohio  and  Hows  in  a 
westerly  and  northerly  direction  into  Sandusky  Bay,  an  «'iriu  of  Lake 
Erie.  Its  watershed  is  largely  used  for  farming  and  pasturage,  hj»v- 
ing  only  an  occasional  patch  of  forest.  Sixteen  dams  have  been  built 
along  its  course  in  order  to  utilize  the  water  power.  Only  five  of  these 
are  now  in  use,  but  the  flow  is  more  or  less  obstructed  by  them  all. 
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Measurement ^*  of  flow  were  l»egiin  in  November,  1808,  in  eonm-cnan 
wiMi  the  work  of  the  State  lioan!  of  health  in  their  study  af  the  pol- 
Intion  of  tlm  Ohio  strtiams  and  jiIj^o  to  obti^in  information  in  ref anl  t<j 
water  powen  Two  stations  have  hc^n  establishtHl  on  the  Sandupkyt 
one  at  Mexico,  *>  milen  above  Tiffin,  and  the  other  at  Fremont,  aboat 
15  mile^  fronj  the  month  of  the  river.  The  Mexico  station  wiis  i*^\Ah- 
lislit^d  by  H.  A.  Pref<#4ey  und  B.  IL  Flyim  on  NovemlR^r  17^  1H08,  and 
f8  lof^ateil  ttt  the  highway  bridg*^  near  Mexico,  abont  40  milcH  aliore 
Fremont,  Ohio-  The  win:  iJ^ag*}  ih  on  the  np?itream  side  of  the  bridget 
and  is  referiH?d  to  a  Ix^neh  nuirk  cnt  m  tlie  top  side  of  the  upntnam 
winif  of  tho  rii^ht  atHitment  of  the  bridi^e.  Tlie  elevation  of  tlie  bench 
mark  is  3(KiK\  feet  alwjve  ^n^e  datnrn.  <Ta^n)js  ai*e  nia<le  from  tbe 
downstream  wide  of  the  bridt^re,  the  initial  point  Ijeing  on  tlie  left  Tmult, 
marked  by  a  nail  in  the  guard  rail.  The  sti^cam  flaws  through  a  long 
stretch  of  elay  bankn,  witli  little  i^and  and  gravel,  and  Ik  unobstroeted 
near  the  point  of  mea^utvment.  At  extreme  high  wat^^r  the  lmnk»  are 
overflowed,  and  at  very  low  wat-er  the  measurements  ni*e  somewhat 
on  certain,  owin^  to  the  sluirgishness  of  the  streanL  The  observer  is 
M.  L.  Estep,  of  Mexico,  Ohio,  One  measurement  i»f  diMchar^e  was 
made  by  li,  H.  Flynn  hi  March,  1809,  at  n  gage  height  of  ri. 40  feet, 
which  gave  a  dinehaige  of  1,380  ft*^eund-feet. 


Jkiil^  tftttje  htrigM^  in  feet,  nfSandmky  Rityer  at  M&rieo^  C^io,for  IS99. 


Day. 

Jan. 

WelK 

H&7. 

Ajir. 

M»y 

Jonti. 

July. 

Atig. 

SepL 

Oct. 

Nor, 

"l^ 

ajifj 

hm) 

ri.m 

a,  Ml 

1  .'y* 

4.  JO 

1,10 

1.4fl 

0.00 

o,i}a 

1.10 

3... 

a.sxv 

l.W 

4.3t) 

«.ttJ 

1.411 

4.JU 

l,wi 

i.;f> 

,,^^41 

W) 

1,10 

itjy 

ri 

2,w<; 

1   Hit 

4.IKf 

4.  W^ 

1.40 

ri:o 

1.(11 

!.:*> 

,<10 

ito 

1  r»i 

13> 

4    .... 

3,10 

1   HO 

5,U> 

4,70 

i.:*ii 

3  III 

l.iu 

l.liO 

.50 

.H) 

l.ari 

ia> 

5   .... 

10.  31 

i.:ii 

\Km 

4.  air 

•d  w 

;i.4o 

.nil 

1.30 

,50 

.m 

1  ji 

i.ai 

^.-,.. 

111  m 

LTll 

llLJ^r 

3  Hi 

1  no 

a.  00 

.w 

2.50 

M\ 

.rjt» 

1   10 

J  tKl 

T ,...* 

n,m 

L7II 

w.ao 

3,  m 

li'3t 

:;  ^11 

.tt> 

2. 10 

m 

J^ 

1    10 

l.l^T 

a 

ti.  ]0 

UXJ 

(^.:i) 

4  HO 

;*,[« 

3.f-l 

.ftl 

LOO 

,mi 

.m 

i,i(» 

I. .1.1 

ft 

1  w 

MM! 

i.r*\ 

5.  Hil 

I.Hd 

3.  Ill 

.mi 

l.4<i 

,m 

Mi 

1   JO 

i:5> 

10  ..„ 

'.im 

Mill 

4.0(1 

."i.  Ill 

LiW 

2.40 

.m 

L4lf 

,WT 

.GO 

hw 

1  ao 

I  .... 

3,  GO 

I.IUI 

:.«) 

4,10 

1,50 

2Ani 

.wo 

1.40 

,        fiO 

,EiO 

ijn 

1.51 

IS 

3.40 

\.m 

H.4<) 

a.iat 

L4fl 

l.m 

.*<) 

1.30 

.HO 

.*iO 

i.[i> 

1,31 

a_.... 

3.40 

LIKI 

iVfiO 

3  fiO 

i,m 

r:o 

.70 

{/;¥* 

,fiO 

VJii 

i.ii> 

1**! 

u  .... 

HI  'Jii 

l.WI 

4.8^1 

3.40 

l.GO 

i.^'yi 

.70 

1.20 

.fiO 

.HO 

t  it> 

\m 

15.-. 

[h.  m 

LIUI 

a8l» 

3  in; 

1.40 

L40 

1.10 

1.00 

,.tO 

.H>' 

Llo 

im 

16..,., 

ir.(i> 

l.W 

3  711 

:i,rjj 

im 

\m 

LfiO 

IJW 

,5il 

.HO 

1,311 

1  tf  1 

T  .... 

mm 

Lm 

:j  70 

2.;«r 

].iTtf 

L30 

1   tKJ 

.PO 

,r4i 

-SO 

I.  31^ 

1,70 

»  .... 

10.  l^i 

Lftl 

3  VNI 

3J.lilt 

il.Sll 

l.tAI 

h.'iO 

,no 

(10 

,«> 

1  :i> 

iw 

m  .... 

«.3rj 

1  .7) 

n  Li> 

2  IMI 

4  i!f> 

1   10 

1.4^1 

JW 

JVJ 

.70 

l,3f> 

3a» 

a*  ,,„ 

4.au 

1511 

11. M» 

IW 

3.^1 

1,H1 

lAK 

.HO 

,H<1 

.*» 

1,30 

;T,of 

ai 

3,  m 

Lfifl 

\iiVi 

l.m 

Zm 

1   i.rii 

].m 

,m 

,«> 

1.1MI 

1  3i> 

3,3) 

ffl-..-. 

^A» 

H,1H 

7.:[i> 

I  Hi 

'S.m 

.mi 

i  ;io 

mt 

.70 

1  (10 

I.JO 

^.H» 

^  .... 

s.ias 

P.iaj 

u.ari 

L^l 

l.SO 

.no 

1  i» 

.m 

AMi 

lAM) 

1,10 

3  4<> 

^  .... 

li.W 

I'Ji) 

10.10 

L.iHt 

1,70 

,wi 

lAM 

m 

(Ml 

l.W 

i,:^i 

i^ai 

35     ... 

3,(W 

r^Ati 

RfiO 

l,WJ 

l.w 

i,:^o 

1.30 

.71} 

^IMI 

1.IMI 

1  ai 

-31 

i»i 

^m 

5  40 

7.4i» 

1  HI 

1,*10 

1,91 

1  20 

70 

.uo 

l.d^ 

I  Ul> 

iMN 

3r,..,. 

2,7n 

ILai 

0.44) 

1  Wll 

l.fiO 

i.ai 

1   10 

.70 

,flO 

1.10 

1  3i> 

:;.ii> 

s»  .... 

2.m 

».*(» 

1100 

1  mi 

J.av 

'   i:jo 

i.a<j 

.70 

»\ 

1   10 

1,30 

L'ilf 

JHJ  -,. 

Z40 

......  . 

6.fitl 

1,70 

MKI 

Llo 

IJii 

.HO 

,liO 

1  ^t 

1,30 

iifl 

m  .... 

s.m 

0.10 

I, IMI 

3.40 

1.10 

1  50 

01} 

,tiO 

1.30 

I  al 

1  fT 

ai  .  .. 

zm 

"  — 

..!> 

4  70 

no 

.ttO 

l-M> 

....... 

\i»i 

OHIO   AND   NEW   YORK. 
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SANDUSKY   RIVER  AT  FREMONT,  OHIO. 

This  station,  established  by  H.  A.  Pressey  aad  B.  H.  Flynn  on 
Fovember  18,  1898,  is  at  the  bridge  of  the  Lake  Shore  Railroad  at  Fre- 
lont,  Ohio.  The  ^agings  are  made  from  the  board  walk  on  the  lower 
ord  of  tlie  bridge,  the  initial  point  being  a  cross  cut  on  the  bottom 
literal  at  the  west  end  of  the  bridge.  The  gage  is  an  iron  pipe  grad- 
lated  to  feet  and  t<»nths,  located  at  the  waterworks  intake,  and  is 
eferred  to  a  bench  mark  cut  on  top  of  south  cud  of  west  abutment  of 
bridge,  nie  elevation  of  l)eneh  mark  is  20.1  feet  above  gage  datum. 
rhe  bed  is  rocky,  the  banks  liigh  and  not  subject  to  overflow.  Dur- 
ng  the  summer  of  1891),  owing  to  the  scarcity  of  water  for  the  water- 
works of  Fremont,  the  rubble  dam  Ik»1ow  the  station  was  rebuilt, 
effecting  the  flow  of  the  river  and  gage  readings,  especially  at  time 
)f  low  water.  The  observer  is  Cliarles  F.  Reiff,  superintendent  of 
ihe  waterworks  at  Fremont,  Ohio.  A  measurement  of  discharge  was 
made  Mar(»h  2, 1899,  by  B.  H.  Flynn:  Gage  height,  2.32 feet;  discharge, 
1,784  second-feet. 

Daily  fjage  height^  in  feet,  of  Sandiutktf  RiiH*r  at  Fremont,  Ohio,  for  IS99. 


Day.       .Jail.  '  Pel*.     Mar. 


1. 


3.... 

4... 

5... 

ft... 

7... 

8-... 

9... 
10...- 
11... 


12 
13 
U... 

15 

in 

17 

18 

19 

5» 

21... 

28 

23 

34 

» 

38 

27 

28 

2U.   ... 

3ft 

31 


2.()0 
1.75 
1.70 
2.30 
5.15 
4  90 
4.40 
3.25  , 
3.70  I 
2.35 
2.15 
2.15 
2.«l 
7.80  I 
8.25  , 
7.40  I 
6.80  ; 
5.W  I 
3.40 
2.W) 

2.r>5 


2.3iJ 
2.30 
2.30 
2. 15 
2.10 
l.«5 
1.55 
1.45 
1.35 


1.30 

1.20 

1.20 

1.30 

1.20 

1. 10  j 

1.10 

1.05 

.75 

.70 

.HO 

.80 

.HO 

.80 

.8C 

.75 

.HT) 

l.fX) 

i.(r» 

1.55 

2.  (ft 
4.5S 
4.00 

3.:J0 
2.  Till 
3  40 
4.30 
3.00 


2.95 
2.26 
3.05 
2.75 
4.80 
4.55 
3.75 
2.95 
2.40 
3.fJ6 
4.40 
4.05 
3. 15 
2.10 
2.10 
I.«S 
1.90 
2.K5 
h.  70 
5.05 
4.16 
4.00 
4.tt5 
4.3r> 
3.811 
3.t50 
3. 10 
2.85 
2.80 
2.  W) 
2.H5 


Apr.     May 


2.90 
2.76 
2.45 
2.56 
2.30 

1  95 
1.80 
2.75 
2.85 
2.50 

2  10 
2.(N) 
1.II5 
1.75 
L.'iO 
!.:£» 
1.115 

.HO 
.80 
.HO 
.70 
.«5 
.(iO 
.(iO 
1.15 

l.no 

.H)  ' 

.(iO 
.55  I 


June.   July.    Aujf.    Sept.     Oct. 

1 I 


I 


0.40 
.35 
.;» 
.40 
1.55 
1.00 
.85 
.95 
.75 
.(15 
.50 
.45  I 
.40  I 
.40 
.40 

.:tt 

.40 
.85 
1.55 
1.55 
1.00 
.75 
..V» 
.45 

.:J5 
.:«) 
..r» 

.55 

l.aj 

2. 15 
2.50  , 


2.20 
2.15 
1.95 
1..55 
1.10 

.K5 

.80 

.75 
1.40 
1.31) 
1.00 

.75 

.55 

.35 

.30  I-- 

.21)    f 

.31)  ' 

.10 : 

.10 
.10  I 
A%) 
.00 

.ou 

-  .05  I-- 

.00 

-  .(6 

.m    ■ 

-  .(ft  1 
.(ft 

i  ■ 


-0.05    +0.05 


.10 
.05 
.00 
.00 
.10 
.15  +  .55 
.10        .25 


.30 
.10  I 

.(ft 
.  15 

.15  1  - 
.20  I-  ■ 
.3f) 

.m  I 

.55   - 

.a5  I- 

.  15  - 
.10  1- 
.00  -  .25 
(ft  I-  .25 
.10 
.10 
.(ft 
.10 
.15 
.15 
.15 
.15  '  .(ft 
.05    +  .'A) 


.10 
.00 
.00 
.00 
.15 
.10 
.10 
.15 
.20 
.15 
.20 
.25 


0.35 
.40 
.35 
.40 
.35 
.40 
.45 
.45 
.45 
.40 
.40  ; 

.30  I 

.30  I 

.30  I 

.50 

.50  I 

.50 

.iV) 

.60 

.55 

.55 

.55 

.05 

.80 

.70  I 

.70  ' 

.80 
.8(1 
.70  I 


0.75 
.TO 
.76 
.75 
.76 

-.70 
.00 
.00 
.60 
.60 
.60 
.45 
.50 
.70 
.70 
.75 
.85 
.85 
.05 
.85 
.K5 
.85 
.85 
.85 
.85 
.85 
.85 
.115 
.{ft 
.90 

l.(V» 


Nov. 

Dec. 

0.96 

0.90 

.96 

.90 

1.06 

.96 

1.06 

1.00 

1.06 

:95 

1.06 

.95 

.96 

.95 

.90 

.95 

.90 

.95 

.90 

.90 

.90 

1.00 

.05 

1.00 

.a5 

l.(J6 

.95 

1.2I> 

.»i 

1.30 

.90 

1.30 

.95 

1.10 

.95 

1.10 

.95 

1.50 

1.00 

1.00 

.95 

1.90 

.95 

1.7() 

.90 

1.50 

.95 

1.40 

.95 

1.50 

.95 

1.25 

.95 

1.10 

.95 

1.10 

.95 

1.10 

.90 

1.00 

.95 

NIAGARA   RIVER   BELOW    BUFFALO,  NEW  YORK. 

Measnrf»ments  of  Niagara  River  wen?  made  under  the  direction 
of  the  United  States  Board  of  Engineers  on  DcM^p  Waterways,  from 
September,  1807,  to  September,  1808,  the  work  l)eing  in  charge  of 
E.  E.  Haskell,  assistant  engineer.  The  results  are  discussed  in  a 
t^pev  prepared  by  Mr.  Clinton  H.  Stewart,  assisting  Mr.  Haskell, 
^nd  presented  to  the  Western  Society  of  Engineers  in  December, 
IBB  36 6 
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1899. ^  The  point  of  measurement  wan  on  the  north  side  of  the  interna- 
tional bridge  J  about  3  milen  Im:*1ow  the  head  of  the  river.  At  this*  point 
the  total  width  is  1,806  feet»  of  which  128. 5  feet  is  taken  up  by  the  width 
of  the  eight  bridge  piers.  The  distance  between  soundings  was  aboot 
20  feet.  The  soundings  were  made  with  a  41 -pound  cast-iron  weight 
attached  to  a  sash  chain,  in  sswift  and  deep  water,  and  with  a  25- pound 
lead  in  the  Rhallower  water.  Velocity  measurements  were  ina4e  hjr 
means  of  Haskell  current  meters  with  high  and  low  pit-ch  wheels. 
The  velocity  of  the  current  was  det-ormined  at  points  about  80  feet 
apart  and  at  0.:^  of  the  total  depth.  Measurements  of  velocity  ue^r 
the  surface  wei-e  also  taken,  with  the  meter  immersed  1  foot,  alsonesf 
the  bottom,  with  the  weight  just  clearing,  so  that  the  met^r  wheel  w»» 
1.5  fe<4.  above  the  liottoui. 

At  a  water-surface  elevation  of  5G7,0  feet  above  mean  tide  at  New 
York,  the  area  of  cixxss  section  was  :il!,B20  square  feet.  Tlie  discharge 
measurements  covered  n  range  of  aliout  2.3  feet  in  lake  level.  Tak- 
ing the  elevation  of  mean  level  of  Lake  Erie  at  572.78,  this  being  the 
average  at  Cleveland  for  the  period  1875  trO  18Ji8,  the  corresponding 
discharge,  when  corrected,  is  placed  at  221,50(1  second -fec^t.  The  rata 
of  increase  in  diseharge  at  this  elevation  is  about  25, OCX)  second-feet 
per  foot  rise, 

^  In  the  results  of  this  investigation  published  by  Mr,  Clinton  B* 
Stewart  in  the  Journal  of  the  Western  Society  of  Engineers,  the  ^n^^ 
showing  height  of  wati^r  at  the  time  of  measurements  were  loeated^ 
one  on  the  Anteriean  shore  and  the  other  on  the  Canadian  shore^  each 
about  lM  nliI^^^^  fruiii  tlit*  mouth  nf  tlic  rivi*i".  Tlle^e  wi^i'e  read  during 
the  nNinthrt  nf  Jiilyfuicl  .\u;j:usL  1  Siis^  shnultaneously  at  ten-miruitP 
intrCrvalH  throughout  tlie  day.  Thi\v  have  l)eeTi  referred  to  the  gage 
ut'Rr  BuH'alo,  nnidiii^^sof  \vhieh  \yv\v  made  from  1<^S7  to  liS07.  Tbe 
fall  i'vom  ihcse  to  I  !m^  laMc^r  is  U.  IIJ  Um\,  Xo  atti^uipt  has  been  made  t«> 
est  imal^^  the  thiily  flow.  It  is  jirnl^uble  that  this  can  be  done,  as  the  bed 
of  {hi*  river  is  oi'  nn-k  and  n(*t  Mib.j<^ct  to  eliange*  The  eonstruetlM 
of  the  international  l>rid^e  alH^nt.  is7t)  may  have  ehanged  the  slope 
conditions  sli.!j:ht,ly,  but  pn^hably  has  not  influeneed  the  flow  by  more 
than  a  few  ptn-  cent. 

Thi*  measurements  nf  itic  outflow  of  Lake  Eric  through  Xiagjar* 
River  won '  contininMl  from  September,  1H<IS,  liy  t\iv  Corps  of  Krtirineer*i 
United  States  Army,  in  c-lmrge  of  tlie  survey  of  northern  and  nordi- 
west  e  r  n  lakes,  of  w  li  i  eh  Mr,  E  -  E .  I  las  k  e  1 1  was  assi  sta  n  t.  e  n  g  i  n  *^e  r  and 
Mr.  F*  V.  Shein^lioii  was  resid(^nt  vugiueer.  From  the  nn'a.surerneiit.^ 
made  by  thes<^  twi»  parlies  the  *nittlow,  by  niontfis,  for  the  years  M^^ 
to  ISSiH  has  been  computed  and  published-^  The  mean  dimdiarge  ft*P 
these  thirty- four  years  is  '■22^\V2^  seeontl-feet.  Tlu^  followiuL'  tabl^? 
gives  the  re,suhs^  by  months,  in  c^ondensod  foruK 


1 


'  Joumal  r)f  WD«ti?m  Society  of  ETiirinMir=i  for  t«l9,  pp,  45<>  to  132. 

^Rt^i^nlRtloD  of  th^  Leyel  of  I>ftki*  Erfn.    FHfty-Htjttli  CougrpsSr  flr»t  i?t*S¥iioTu  tt  R.  Dot.-.  Nu,  ^ 
pp,  15  and  lik 
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I  monthly  discharpe  of  Niagara  River  hdow  Buffalo,  New  York,  for  years  1865' 
to  1808,  indwnve^  in  thousands  of  ctihtc  feet  per  second. 
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SENECA  RIVER  AT  BALDWINSVILLE,  NEW  YORK. 

his  stream  has  its  sourt»e  in  the  lake  of  the  same  name  in  central 
r  York;  its  general  course  is  northeasterly  until  its  junction  with 
Oneida  River  in  Onondaga  County,  where  the  two  form  the  Oswego 
er,  which  flows  northwesterly,  entering  Lake  Ontario  at  the  city  of 
ego.  The  station  is  located  at  the  dam  on  Seneca  River  at  Bald- 
mile,  where  the  drainage  area  is  3,103  square  miles.  A  head  or 
t  gage  is  placed  at  each  end  of  the  dam  and  both  are  read  twice 
y.  Only  one  tailrace  gage  was  placed.  The  elevati(m  of  the  zeros 
lie  crest  gages  is  93.99  feet,  while  the  elevation  of  the  zero  of  the 
•ace  gage  is  8-4.91  feet,  or  a  difference  of  9.08  feet.  To  obtain  the 
3tive  heads  on  the  water  wheels  it  is  necessary  to  add  to  the  daily 
lings  of  the  crest  gages  9.08  feet,  and  subtract  the  readings  of  the 
•ace  gage.  Ten  mills  utilize  the  flow  here  developed  for  power 
poses,  and  to  get  the  entire  flow  of  the  river  it  is  necessary  to  keep 
:cord  of  the  diffen^nt  heads  on  th(»  wheel  gates  as  well  as  the 
>unt  of  opening  of  <»ach.  The  records  at  this  i)oint,  as  well  as  on 
ous  other  streams  in  the  State  of  New  York,  were  begun  by  Mr. 
rge  \V.  Rafter  for  the  United  States  Board  of  Engineers  on  Deep 
terways.  The  computations  of  discharge  are  quite  laborious  and 
e  been  made  as  noted  in  Volume  XXVI  of  the  Proceedings  of  the 
3rican  Society  of  Ci\il  Engineers,  page  308.  The  following  figures 
based  on  Bazin's  experiment's.  The  Oswego  Canal  is  fed  from 
dca  River,  and  pracficaJJy  its  entii-e  flow  s\\o\\\d.\Mi  ^(V^\ft\5fta^-1 
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CHITTENANGO   CREEK   AT   BRIDGEPORT,  NEW  YORK. 

This  creek  rises  in  Madison  County,  New  York,  and  flows  in  a 
northerly  direction  between  Madison  and  Onondaga  counties  into 
Oneida  Lake,  the  outh^t  of  which  is  Oneida  River,  a  tributary  of 
Oswego  River.  The  basin  of  Chittenango  Creek  is  shown  on  Chitt^ 
nango  atlas  sheet  of  tlie  United  States  Geological  Survey.  Observa- 
tions for  the  computation  of  flow  of  this  creek  are  made  at  the  iniO* 
dam  in  Bridgeport,  New  York,  a  short  distance  above  its  month 
llie  drainage  area  at  tliis  point  is  307  square  miles.  Three  times n 
dnv  observations  are  made  of  the  river  height  above  tlie  crest  o( 
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im,  head  on  wheeln,  and  the  amount  of  gate  opening.  Jefferson 
8,  of  the  flour  mill,  is  the  observer.  The  mill  runs  three  Cam- 
irbines — two  of  which  are  60-inch,  and  one  54-inch.  The  dam  is 
iber,  ba(*ked  with  stone.  The  elevation  of  the  zero  of  the  crest 
is  92.84  feet,  while  the  zero  of  the  ta.ilrace  gage  is  85.88  feet,  the 
ence  ]K»t  ween  them  IxMug  6. 00  feet.  In  computing  the  flow  over 
ini  th<»  crest  is  divided  into  three  parts,  each  of  which  is  con- 
n1  as  a  separate  weir.  The  discharge  over  the  dam  was  first  com- 
from  Bazin's  experiments,  but  after  July  1,  1809,  it  was  com- 
fn>m  the  results  of  the  experiments  made  at  Cornell  University. 
►8S  section  of  the  dam  and  additional  facts  are  given  by  Mr. 
\y.  Rafter  in  Volume  XXVI  of  the  Proceedings  of  the  American 
:y  of  Civil  Engineei*s,  page  3i)0. 

itefl  daily  discharge^  in  second-feet ^  of  Chittetiango  Creek  at  Bridgeport,  New 
York,  for  ISOS, 
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OPERATIOX^   AT   RIVE  It    BTATIQNS,  1899. — PAHT   II-        tw^a 
ONKIBA  CREEK   AT   KENWOOD,  NEW  YORK. 

This  strettm  rm^s  in  MadiBon  County,  Kew  York,  and  flows  in  h 
Tiortliwesilerly  direction,  onissing  the  Erie  Canal  and  emptying  into 
Oneida  Lake  at  it**  soutlieaatern  extremity.  It  is  shown  on  the  Oneida 
atla.H  Hlieot  of  tlie  United  States  Geological  Survey.  The  station  m 
locatcMl  at  the  ^iik-mill  dam  in  Kenwood,  at>out  3  miles  from  Oneick, 
the  drainage  area  at  this  jioinL  \mn^  SJtsc^uare  miles*  One  ^age  gives 
the  height  of  water  al>ove  the  crest  of  the  dam,  and  two  gages  am 
read  at  the  silk  mill,  giving  the  head  on  wheels.  From  the^e  read- 
ings and  fmm  the  numl3er  of  gate  openings  the  quantity  of  water 
passing  over  the  dam  aa  well  as  through  the  wheels  i.H  determined, 
thus  giving  the  disc^harge  of  the  ereek  at  this  ]>oint.  The  dam  isof , 
timber,  well  coustrueted,  and  without  leakage,  Coniputatious  of  the] 
flow  over  it  have  been  made  from  Bazin^s  exi>tj^riments  of  1891.  The 
computations  for  the  discharge  nieasuremonts  after  July  1,  lHli%  are* 
based  on  the  coeflftcients  determined  at  C4)meU  University.  Tk^ 
cross  sc^ction  of  the  dam  is  shown  in  Volume  XXVI  of  the  Prm^cuMl- 
ings  of  the  American  Society  of  Civil  Engineers,  page  3ii9. 

Esiiumttd  daUjfdvsGhaiye^  in  secondrfmif  of  Onmda  Creek  at  AVfifiHxiri^  New  York  | 
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riot-iinl  ijot  kopt  Tor  Aii^ttHt  atid  Suptoml^r. 
WKST   HKANCll   OF    K18H   i'HEEK    AT   MCt^UNNELLSVILl.K,   NEn   Y<iHK. 

This  streaui  rises  in  llie  northern  [mrt  of  Oneida  Counly  aij^i  fl^^^ 
in  a  south(*rly  diret^tion  to  its  junction  with  the  East  Bninch,  ^^1k'^' 
it  forms  the  main  Fish  t*reek,  which  wtremti  fhnvs  in  a  Wi-stt^rly 
dire(*tifm,  emptying  into  the  east  end  of  Oncitia  Lakt*.  T\o'  IfJ^^'"^ 
pa  it  of  the  (^lurs^^  of  Fish  Cre**k  is  shown  on  the  (.)neida  atlas  >\^^^ 
of  the  United  States  GcoU>gical  Survey.  The  station  is  loraicd  Hf  ^^^ 
lliinlen  dam  in  McConnellsville.  The  drain a^^e  area  at  This  jp<hh^ '' 
181^7  square  miles-  Tlin  darn  is  of  timlK'r,  with  a  small  It'.ii^'^'^'' 
ThtMN'Cst  has  be*^n  so  rt.*paii"<Hl  hythe  IJoanl  on  Deep  Waterway;^ '''^' 
it  is  horizon taL     The  record  t^f  ga^i^  heights  in  voluntarily  kt'P*  ''^ 


NEW    YOBK. 


187 


Frank  S.  Ilartlen,  on  »  gage  Hhowing  the  height  of  the  river  above  the 
crest  of  the  dam  and  also  on  one  at  the  end  of  the  t^ilrace.  The  flow 
of  this  dam  is  computed  from  Bazin's  experiments,  series  170,  up  to 
July  1,  1899,  and  after  that  date  they  are  ])ased  on  the  experiments 
made  at  Cornell  University,  as  noted  in  Volume  XXVI  of  the  Pro- 
ceedings of  the  American  Society  of  Civil  Engineei-s,  i)age  310. 

Estimatefl  ilaiii/  disviiarge^  in  aecoml-feet ,  of  West  Branch  uf  Fish  Creek  at 
McConnelUville,  New  York,  for  ISOS, 


,  Day.  Sept    ( krt.  ,  Nov.   Dec.    Day.  Sept..  Oct. |  Nov.   De<\ 


3 
4. 


137  365  ■  237  13 
W  I  319  !  Mh  ,  13 
111  I    392  I    217   '  14. 
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im 
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147 
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1K7 
157 
190 
2S7 


Day. 


'Si. 

24. 

25. 

26 

27 
!  28. 
I  29. 

30. 

31. 


Monii 


Sept  Oct.  ;  Nov.  I  Dec. 


57  ■  700  216 
332  750  '  300 
360  624  3S9 
197  434  319 
231  1,(197  I  255 
IHI  I  S71  I  299 
181  \  m\  251 
147  440  173 
464  


1:M  I  333   384 


317 
468 
390 
285 
385  , 
225 
170  , 
130 
120  I 

310    ! 


E^fhnated 


1. ... 

2   .. 

3...! 

4... 

5.. 

6.. 

7.- 

8.. 

9.. 
10. 
11  . 
13-. 
13.. 
14.. 
15.. 
16.. 
17    . 


daily  discharge^  in ,  aeeond-feet ^  of  Went  Bratwh  of  Fish  Creek  at 
McConneilsville,  Sew  York,  for  1S99. 


I  Day.  '  Jan. 


Feb. 


-I 


130 
126 
194 

a»i  [ 
acsi 

306  ! 
306 
285 
353. 
42; 
503  I 
587  I 
873 
873 
795 
787 
735 
I 


338  I 
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18:)  ; 
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130 

313 

156  I 
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147 

136, 

117  I 

80 
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133 

M 
131 
148 


Mar. 

Apr. 

402 

586 

4U3 

520 

438 

001 

505 

601 

700 

601 

956 

501 

856 

689 

TOO 

1557 

856 

2110 

5H8 

1600 

546 

1734 

700 

2056 

1178 

2440 

1178 

3930 

1178 

:i040 

972 

3410 

782 

173l» 

May. 


213 
184 
184 

184 

I3r) 

183 
154 
154 
183 
34.) 
194 
130 
189 
189 
180 


Day. 


273!   18. 

313  :;  19. 


Mean 


Jan. 

Feb. 
133 

Mar. 

Apr. 

May. 

615 

667 

1644 

180 

615 

120 

485 

1484 

874 

5»0 

183 

605 

1174 

874 

495 

198 

438 

1085 

256 

360 

358 

442 

1045 

808 

314 

338 

443 
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244 

435 

438 
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278 

599 

320 

466 

378 

599 

488 

435 

206 

615 

l,20(i 

289 

EAST   BRANCH   OF    FISH   CREEK    AHOVE   POINT   ROCK,  NEW   YORK. 

This  stre^im  risers  in  Lewis  ( -oiinty,  N(»w  Vork,  and  flows  in  a  south- 
erly direction  into  Oneida  County,  where  it  joins  the  West  Branch  to 
fonn  the  main  Fish  Creek.  The  station  is  located  at  the  sawmill  of 
Fowler  W.  Willson  at  Point  Rock.  The  dam  is  of  timber  and  has  con- 
siderable leakage.  The  old  sawmill  located  here  is  seldom  used;  when- 
ever the  wheels  are  running,  however,  record  is  kept  of  the  length  of 
time  and  of  the  amount  of  gate  openings.  The  profile  of  crest  of  dam 
^Somewhat  irregular  and,  in  order  to  facilitate  computations,  has  been 
divided  into  five  sections,  the  flow  through  each  of  which  has  been 
^niputed  separately  by  Bazin's  experiments  of  1894.  The  discharge 
'^Measurements  after  July  1,  1809,  are  based  on  experiments  made  ^t 
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OPEHATIONS   AT   EIVEfi   STATIONS,  wm. — PAKT   IL        l«a»l 


Cornt^ll  Uuiversity,  us  noted  in  Vohimo  XXVI  of  the  Proceed mga  of 
tho  Ami^riejin  Society  of  Civil  EDgintK^rw,  imge  310. 

EsUmated  datly  tUm^harge^  in  mcofid-feef,  of  Ea^t  Branch  of  Fish  Creek  ut  Psdwt 
Aocit,  JVeic  York,  far  m*». 
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rt  Flmw  ilaHniE:   July,  A^^jfuht,,  wnd  S»*pU'iut«^r  ii*it  iNJiniiuli-ji, 


*wLii»;  t<i  fiu^t  thut  utl  Ur'uW 


^^SWKfj(»    RIVER   AT    FULTuKj   NEW  Y«lRK. 

Thii^  jslrefitii  im  ffn-nicMl  by  tUr  jinu-tuuiof  Oiu^iihi  ainl  S«»ni*c^a  rivers 
in  Ononihtgji  roiinly,  \ew  Vi)i-k,  and  Hows  iioi'lhwi^stiu^ly^  <^intMyiiig 
in  til  Lnko  OiHario  ^tl.  the  eity  ut  O^^rei^o.  The  Htatir>n  i^  lut'iit4.*d  at 
the  dam  at  Fulton,  7  niih^;?  ahovo  Oswego,  tin:  iNiti'liunnil  arou  bring  i 
4,yi*i  sriiiar**  miles.  Tlii^  <iam  iswi^U  Imilt  *»f  istoni^nnii  lirirk  ami  \\m 
no  leakn^t^.     At  this  i*oiai  four  ^'ui^a^s  aru  rt»ad — onv  alMJvt^  the  dam, 
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le  ill  the  tailrace  of  the  Fulton  Worsted  Mill,  one  in  the  headrace 
id  one  in  the  tailrace  of  the  Oswego  Falls  Pulp  and  Paper  Com- 
my's  mill.  The  mills  are  located  at  each  end  of  the  dam,  and  both 
le  wat«r  from  the  Oswego  River.  The  dam  is  404.  G  feet  in  length, 
id  the  crest  is  practically  level.  During  thc^  low- water  stages  flash- 
>ards  are  placed  on  the  cn?st  of  the  dam,  and  in  order  to  compute 
le  discharge  of  the  river  at  this  point  it  is  necessiiry  to  take  these 
ishboaixls  into  account,  as  well  as  thc^  height  of  the  dam,  the  head 
1  the  various  wheels,  and  the  numl)er  of  openings  of  tlie  same.  Tlie 
»ords  at  this  point  are  not  at  present  available.  A  cross  section  of 
le  dam  is  given  in  Volume  XXVI  of  the  Proceedings  of  the  American 
ociety  of  Civil  Engineers,  page  309. 

OSWECiO   KIVEK   AT   (JSWEGO,    NEW    YORK. 

Another  series  of  records  on  this  stream  besides  the  one  at  Fulton 
bave  lK*en  nmintainod  at  the  high  dam  between  Oswego  and  Fulton. 
The  water  at  this  point  is  used  in  the  State  canal  and  by  the  Oswego 
Waterworks  C-ompany,  whose  pump  house  is  on  th(^  left  side  of  the 
stream.  This  station  was  established  April  1,  1807.  The  following 
figures  of  daily  gage  height  were  obtained  from  Mr.  Thomas  H.  Ben- 
nett, superintendent  of  the  Oswego  Waterworks  Company: 

baiiy  gage  Iwight^  in  feet,  of  Oswego  River  at  Otnrego,  New  York.fitr  1SU7, 


Day. 


Apr.      May. 


1 

3  38 

2.:: ::.::...:. . 
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SALMON    KIVER   AT   OKWELL,    NEW    YORK. 

This  river  rises  in  Lewis  County,  New  York,  and  flows  in  a  westerly 

direction  into  Lake  Ontario,  a  portion  of  its  course  being  shown  0$^ 

the  Pulaski  atlas  sheet  of  the  United  States  Geological  Survey.    At  ^ 

point  about  a  mile  below  Orwell  are  Salmon  Falls,  where  the  rive:^ 

hw^  a  vertical  descent  of  about)  110  l^b^X,^  liwV  wX*  ^Yvi-^^v^wv  \>lq  attemp"^ 
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been  made  to  utilize  it.  Observations  were  made  at  Orwell,  at 
;h  locality  the  river  has  a  drainage  area  of  190.5  square  miles, 
gages  are  at  an  old  wooden  dam  built  to  furnish  power  for  a  saw- 
The  dam  is  considerably  out  of  repair  and  leaks  badly.  When 
station  was  first  established  current-meter  measurements  were 
e  of  this  leakage,  and  it  was  found  to  bo  88  cubic  feet  per  second, 
profile  of  the  crest  is  irregular,  and  in  order  to  facilitate  computa- 
is  divided  into  four  parts,  each  section  l)eing  computed  separately 
the  sum  total  taken  as  the  entire  flow.  The  station  was  aban- 
h\  May  31,  1800,  on  account  of  the  leakage  through  the  dam,  which 
3ks  difficult  to  estimate  accurately.  The  results  are  not  at  present 
lable  for  publication. 

BLACK   RIVER  AT   WATERTOWN,    NEW   YORK. 

[lis  river  rises  in  Herkimer  County  and  flows  in  a  northeasterly 
ction  into  Black  River  Bay,  an  arm  of  Lake  Ontario.  A  portion 
ts  coui-se  is  shown  on  the  Watertown  atlas  sheet  of  the  Ignited 
es  Geological  Survey.  0])s<»rv'ations  of  the  height  of  water  have 
1  made  at  the  dam  of  the  city  waterworks  of  Watertown,  located 
lies  above,  at  Iluntingtoiiville.  The  station  was  established  on 
ruary  22,  1897.  The  record  in  the  following  table  has  been  fur- 
led by  Frank  A.  Hinds,  civil  engineer.  It  is  the  average  of  two 
y  readings. 

he  readings  from  August  22  to  September  16, 1897,  do  not  give  reli- 
>  data,  as  the  high  dam  on  the  opj)osite  channel  of  the  river  devel- 
d  a  leak,  which  gradually  increased  until  it  became  necessary  to 
n  the  traps  in  the  dam,  letting  the  water  down  so  that  it  could  be 
aired.     It  is  possible  that  this  leak  commenced  earlier  than  August 

The  conditions  at  this  point  are  peculiar,  in  that  the  stream  flows 
two  channels  with  an  island  l)etween.  There  is  a  dam  on  each 
nnel,  the  high  dam,  previously  referred  to,  creating  a  settling 
in  for  the  water  supply  of  the  city  of  Watertown.  The  other  dam, 
)wn  as  the  Huntingtonville,  on  the  opposite  side  of  the  island,  is 
one  near  which  the  readings  given  heniwith  are  taken, 
n  addit  ion  to  the  amount  of  water  which  is  indicated  by  the  flow  over 
I  (the  Huntingtonville)  dam,  there  should  lie  added  the  quantity 
en  from  the  other  channel  al)ove  the  high  dam  to  supply  water  for 
city  of  Watertown.  There  is  also  constant  leakage  from  seams  in 
rock  underneath  the  Huntingtonville  dam,  where  the  observations 

made.  This  (luantity  has  been  variously  estimated,  but  direct 
isurements  liave  not  been  made.  In  the  following  table  the  original 
lings  have  been  diminished  by  dropping  the  figure  100;  forexample, 
reading  on  February  22, 1897,  of  103. 10  is  given  below  as  3. 10.  In  a 
instances  this  has  introduced  a  minus  quantity  when  the  surface 
pped  below  100,  as  was  the  case  on  October  3,  and  8  to  11,  1897. 
lie  crest  of  the  dam  is  irregular  in  profile,  and  for  ease  of  computa- 
i  is  divided  into  six  parts,  each  of  these  being  confii4L«l^\iQT^3AT)^A\. 


E' 
OPERATIOHS  AT  EIVEB  STATIOHS,  im». ^PAKT  11 
discharjat  of  t^e  river  wsis  c« imputed  hy  Mr.  Robert  E.  HottOQ*^ 
TIk*  n*suUis  li*>wever^  have  been  n*\iseil  m?ven4l  times  upon  the  AcquH« 
sltioji  of  Jiew  information.  Another  recMird  at  Blnck  River  has  Iwea 
kepfc  by  th*?  Taggart  C-ompanj  ai  Pelfs  3Ii!ls^  aboot  10  mileg  above 
Watji*rtowii,  eoverini^  a  soaiewhat  loug^T  pi*riod  of  time  than  that  al, 
Ilfintiui^uvlUe,  but  the  flgtirea  are  not  at  present  available 
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10.. 
21„ 

sa.. 

24.. 


£6, 

2fl., 


a  21 
aap 
a2K 
a  31 
aii4 
3,;io 
a  IS 
a  15 
ass 
a33 
assi 

3.22 

^.&\ 
L  o> 

4,04 

auo 

3,KH 
3,TH 
a  76 
4.00 

4.  as 

4  35 
4.4S 
4.43 

4.aj 

4.12 

ago 
a  74 
ii,m 
a  00 


Feb. 


aotj 

a  as 
a4s 
aw 
aw 
a  45 

3,41) 

arttt 

4<V> 

4.i« 

4.7ft 

4.r» 

4.311 

4.tr. 

3.^1 

3.m 

3.«S 

aoj 

aeo 
a  00 
a  ISO 
a  55 
a4y> 


MAr. 

Apr. 

3.40 

4.75 

3,!)0 

4.5H 

3  40 

4. 211 

a  40 

a«t( 

:L3h 

aeo 

3.3S 

aw 

3  ^ti 

a  75 

a  37 

a  73 

3.5li 

affi 

a  75 

a«3 

4  .'53 

3.113 

5.7.'^ 

a  50 

a.  75 

a  51 

7,  SO 

a  53 

^.h) 

a  00 

7-.^'i 

a.w 

fl.TO 

3  4M 

0.2l» 

aiw 

C[» 

3.4P 

5.74 

ass 

5.8:i 

aH5 

5.ff7 

a  00 

5.87 

4^ 

5  55 

4.53 

5.18 

4.TA 

4  il5 

5<ie 

4.t^ 

5.3^i 

44** 

5.24 

4.r,i 

4.J!(6 

4  75 

4.40 

4  JJB 

1 

May. 

Jim€. 

i.m 

ass 

aTTi 

3.4L» 

;+  78 

3  Bl 

afti 

3  33 

awj 

3  21 

4  13 

3.1# 

4,113 

:{  i:i 

a  7ft 

3.55 

a^) 

3  45 

aaa 

3.W) 

am 

3.72 

a  51 

a5t^ 
a  4:* 

3.:45 

a  4^ 

3.5»* 

a  53 
a  44 
a4J^ 
a  55 

3  58 

aH5 

3,08 

a7;i 

3.HI 


I  3.115 

2  nw 

3.01 
3.11 
3.m 
3.iln 
3,;S;j 
3.35 
I  a  31 

3  13 

3^1 

I  3.35 

3,30 

.  aaj 
aiJ* 

I  3.06 

3,1)0 

i  !li.U3 

,  3U6 

'  3  m 

:  3  tJS 


July. 

A„.. 

3.00 

2,»5 

a  04 

3.15 

2.84 

2.  015 

2.  Hi 

a  03 

2.05 

3. 10 

^.04 

a30 

2.98 

3.2f) 

2.W1 

3  15 

2.Krt 

am 

2,7fi 

2.05 

2.«2 

2.Ri 

2.  ft) 

2,ft< 

2.ilii 

an5 

2.A+ 

3  re 

2«f^ 

2.70 

2,  ft) 

a  01 

aw 

2  m 

2.00 

2,M 

3  (W 

2.«H 

2,07 

2.i«7 

3.(JU 

2.HB 

a  CO 

2  HI 

3  (X^ 

2  915 

2,Jit7 

3  ai 

3fti 

3  nO 

a3fJ 

a  05 

3.20 

3,t>l 

3  or* 

3  -^J 

ai« 

3.») 

am 

a  10 

L-axa 

l^^*i 

I: 


3.01 

am 

2  06 
2.45 

a  22 

■AW 


a.  14 

3.»1 
2.04 

3.?0 


a2U  I  a5w 


3.«5 

a  53 

3  nO 
3.4^ 
3,411 

a:i7 

3  t!f, 

3.il> 


a  28 

a  27 

3.  no 

a33 

a^ 

'd.m 

3  10 

3. 10 

4  iW 

ail 

atw 

5,15 

AM 

3  i« 

5.13 

2.Srt 

3,  m 

.^«fi 

2.tfi 

a,v3 

4.78 

2.M6 

a  77 

4  4*t 

2.^t 

4  l)S 

40tt 

2,112 

aa> 

3  88 

2.^1 

3,«2 

a.  7f( 

2.)^1 

a5;i 

3.  ftl 

2.ti« 

3.^2 

a  71 

2  H2 

3,11] 

an 

2.33 

4  rj2 

3.  m 

am 

4,31 

a  71 

aM 

4.  OB 

a5fl 

ar^H 

3.H3 

a4>i 

3  hTt 

4,y:i 

aiH 

a4:^ 

4  00 

a  31 

a3s* 

4.57 

a  44 

3.^ 

4.25 

afiy 

c 

ayo 

!>.' 


a45 
3.45 

a* 
a  4" 

3.3* 

3.^ 

alN 

a,w 

3  11 

a  25 

3,31 
3.^ 

ai5^ 

3  3A 
3*1 
3  2i 
3  2S 

aJi 
3.3;^ 
a  4^ 

*.:« 

4.,ai 
4.12 
4.0^ 

3  7?1 

aeij 

3F3 

4  H 
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Daily  gage  height,  in  feet,  of  Black  River  at  Huntingtonville  dam,  for  1S99. 


Day.   I    Jan.   I  Feb.  I  Mar.  {  Apr.  |  May.  I  June.  July.  |  Aag.    Sept.  -  Oct.      Nov.  i   Dec 


1.. 
2.. 
3.. 
4.. 

5. 

«.. 

7. 

8.. 

9. 
10. 
11. 
12. 
L3 
U. 
15. 
16. 
17.. 
18.. 
19. 

an. 
a. 

25. 
23. 
24. 

25. 
2B. 

27.. 
28. 
29. 

ao. 

81. 


a98 

328 

3.79 

3.96 

6.71 

3.91 

a83 

3.70 

a89 

0.43 

3.74 

3.31 

3.69 

386 

6.20 

3.80 

3.30 

8.73 

8.79 

6.90 

5.38 

3.30 

3.88 

8.80 

5.70 

6.25 

330 

4.28 

8.91 

6.20 

5.05 

3.30 

4.43 

4.06 

4.79 

5.05 

330 

4.32 

4.65 

4.21 

4.89 

330 

4.21 

4.92 

305 

4.63 

3.29 

4.08 

4.9K 

3  83 

4.30 

325 

305 

5.09 

3  7;i 

4.05 

3.a» 

4.24 

5.43 

3  8:j 

3.03 

3:iK 

4.fl8 

5.51 

3  88 

3  90 

338 

4.fl0 

5.71 

3  70 

4.11 

3:w 

4.84 

5.99 

360 

4.39 

335 

4.65 

6.01 

3  6:{ 

4.41 

3.:{7 

4.60 

6.  (Hi 

365 

4.30 

3  29 

4.40 

6.06 

3  8:) 

4.25 

3.25 

4.25 

6.17 

36:j 

3.65 

330 

4.09 

6.61 

3Hr> 

3.84 

33:j 

4.10 

7.13 

4.05 

3.73 

3  42 

4.(0 

7.64 

4.01 

368 

3.61 

4.10 

7.71 

385 

3  60 

3.76 

4.20 

in 

3n 

3..W 

3.75 

4.17 

7.70 

350 

a.w 

3tW> 

4.13 

7.72 

344 

350 

3  75 

4.08 

7.62 

3.46 

3  4:^ 

3  7H 

3  98 

7.51 

3  4:j 

3.:«i 

4.10 

394 

7.34 

3. 42 

3.40 

4.10 

4.08 

7.CJ6 

3  7:) 

334 

397 

3. 7:> 

3.65 
a43  I 
8.38  I 
8.23  I 
8.18  ' 
8.20  I 
3.18  , 
3. 13  I 
3.05 
3.13 

:).oo 

:».  13  : 
3  05 
3tfi  ; 
2.W  , 
3. 10 
31(» 
3. 10 
3.  IH  I 
305 
:).(N) 

;j.  00  ■ 

3.00 
3.  (K 
3.  (t»  ; 
300  ! 
313, 

3(r> 

2.  OH 
3.05  i 


310 
2.91 
2.90 

2.88 
307 
309 
315 
310 
2.98 
326 
3.60 
335 
321 
3  13 
3(JH 
2.91 
2.87 
2. 90 
3  03 
2.88 
2.88 
2.90 
2.89 
300 
3  05 
2.96 
2.iJ2 
2.94 
2.82 
2.65 
2.6K 


2.88 
2.90 
2.95 
2.90 
2.83 
2.73 
2.80 
2.85 
2.90 
2.83 
2.76 
2.73 
2.75 
2.76 
2.92 
2.05 
2.03 
316 
2.  IN) 
2.75 
2.6:) 
2.90 
2.85 
2.83 
3.01 
2.95 
2.K) 
2.84 
2.85 
2.90 
2.88 


2.80 

3.01 

2.70 

2.05 

2.60 

2.90 

2.85 

2.01 

2.9:) 

2.91 

300 

2.73 

305 

2.70 

2.74 

2.98  I 

2.78 

300  = 

2.98  I 
2. 75  I 
2.80  I 
2.93 
2.75  I 
2. 70  . 
2.91) 
2.95 

2.99  ; 
2.W  I 
2.90 


2.88 

338 

2.98 

2.88 

8.75 

2.99 

310 

398 

308 

3.05 

8.69 

383 

2.98 

3  SO 

382 

2.91 

353 

318 

2.91 

3  43 

3  10 

2.73 

3  25 

3  a) 

2.92 

324 

2.9!) 

2  83 

310 

2.a5 

2.88 

308 

318 

2.80 

2.93 

4. 15 

2.81 

3  00 

4.98 

2.81 

2.96 

4.98 

2.81 

3  00 

4.88 

2.74 

3  06 

4.:)5 

2.90 

3. 10 

3. 53 

2.89 

310 

3  71 

2.92 

2.9:) 

4.11 

2.94 

2.95 

4.30 

2.8:) 

301 

4.55 

2.63 

2.98 

4.60 

2.90 

2.93 

4.20 

2.88 

2.99 

4.10 

2.9:) 

2.95 

4.00 

2.95 

2.79 

3  60 

2.95 

2.94 

348 

2.95 

M.  96 

3  40 

2.93 

2.93 

3  38 

3.  (« 

2.86 

3:)8 

3  28 

323 

ST.    LAWRENCE   RIVER   NEAR  MONTREAL,- (CANADA. 

St.  I^wrence  River  receiveH  the  outflow  of  the  Great  I^kes,  and, 

diHcharging  northeasterly,  is  joined  by  Ottawa  River  near  the  city 

of  Montreal.     Alx)ut  50  miles  ])elow  Montreal  the  river  widens  into 

,  what  is  known  as  Lake  St.  Peter.     At  the  upper  end  of  this  lake 

i?  the  to\*Ti  of  Soreli  at  which  is  one  of  the  iniportAnt  gages  for 

recording  the  height  of  the  stream.      The  dis<;harge  of  the  river 

bas  been  meiisiired  at  a  iM)int  about  40  miles  below  Montreal  and 

H  mile  below  the  wharf  at  the  town  of  Lanoraio,  this  place  being 

chosen  l>eciiUHe  of  the  excellent  form  of  tlie  channel.     The  width  of 

the  river  here  is  lK?tween  3,0(^)0  and  3,300  feet,  and  the  depth  at  low 

stages  al)out  40  feet.     The  first  measurement  wjis  made  by  Mr.  W. 

J.  Sproule,  under  the  direc^tion  of  the  Montreal  FIockI  C-ommission, 

V  means  of  nnl  floats,  on  NovemlxM-  0  and  13,  lH8r).     At  that  time*  the 

height  of  water  was  11  f^et  0  inches  on  th(^  flats  of  Lake  St.  Peter. 

The  an*a  of  cross  section  was  115,298  squares  feet,  and  the  discharge 

•ill, 101  second-feet.'     Tlu»  next  measurements  were  made  by  Prof. 

C'.  H.  McLeoil,  of  McCtiU  University,  Montreal,  on  Noveml)er  13  and 

14, 1S95.     At  that  time  the  water  was  8  feet  0  inches  in  depth  on  the 

flats  of  Lake  St.  Peter,  the  area  was  105,432  square  feet,  and  the  dis- 

^•harge  215,021  second-feet.     The  lowest  water  of  that  year  (1805)  oc- 

mirreil  in  the  latter  ])art  of  October  and  early  in  Noveml)er,  the  water 

level  being  at  the  time  of  measurement  7  inches  alK)ve  the  lowest 


iDiscbarRe  of  the  St.  Ijawrenoe  Rirer,  by  Prof.  C.  H.  McLeod:  Traim.  ('an.  Soc.  VivM  En»i- 
neen.  VoL  X,  Part  1, 18IM,  p.  1». 


1 11)4  OrEHATlOHS   AT   EIVEE   BTATtOKS,  38»»* PAET   IL        [^M 

notiit  pwvioiislj^  TCtconicKl.     It  is  e^tttiiHtei!  that  Ht  the  lawcBt  !ttage  of 
pihat  year,  which  ta  th«^  lowest  on  recor^t  the  crcifis  sectioa  w^h  reduced 
about  2  pereentj  and  the  discharge  was  estimated  to  have  been  1^6,CIOO 
seeond-feet- 
fc     Ob  Oct4Jber  2:i  and  24,  1896,  juiother  tDeasureiuf^nt  wius  niade  by 
BjplQff^SQr  McLeoii,  giving  an  »rt*a  of  citisA  section  of  117,500  square 
PKet  and  a  discharge  of  i?58,5<X)  second-feet.     At  thi?^  date  the  depth  of 
water  on  the  fiats  of  T^ake  St.  Peter  was  10  feet  and  7  inches.    All 
dApthfi  on  thfl»te  flats  have  been  obtai!io<l  by  reduction  from  the  zero 
iiigs  Ukkeii  on  the  gage  at  Sorel,  ttie  y^ro  of  which  is  said  to  cor- 
respond to  Ci  feet  *j  inehes  Ik^Iow  tlu^  level  of  thi+  tlats,  and  to  +0.^5  on 
SteikeVrt  datunu  as  not*»d  in  the  Keports  of  the  Public  Works  Depart- 
inent,  Cana^la,  for  181m Mil     Th*3  height  of  wat*^r  at  this  section  is 
known  to  Ix)  influenced  sliglitl}^  by  the  tides,  but  the  effect  on  tlie  dia- 
eliarge  hiis  not  been  investigate*!. 

The  discharge  of  Ottawa  River  was  measures!  on  September  27  and 
BS,  18IH>^  at  a  iKiint  al^nit  'J  miles  l>elow  the  dam  at  CarillDn.  The 
^ross  section  mejisured  50,<;HXJ  square  fe^t  and  the  discharge  3^^()<J0 
Becoud-fe*et*  At  the  time  of  the  measurement  the  reading  of  the  g^gt 
mt  Loc'k  Xo.  1  i>f  Carillon  Canal  gave  12.0  feet  on  the  lower  sUL 

MISSISSIPPI    BIVKB   AT   tlT>  PAUL,,  MINNESOTA.  . 

mrements  of  discharge  of  the  Mississippi  River  at  St,  PanI, 
ilow  the  mouth  of  the  Minnewf*ta  River,  have  been  made  for  a  num 
ber  of  years  by  tlie  Engineer  Corps  of  the  ITnitetl  States  Army.     Tlie 

object  of  th(^  nieastiremeuts  is  tlie  determination  of  the  effect  of  the 
rescrvoii-s  at  the  head  of  the  Mississippi  River  in  maintaiiiing  dcei)or 
navigable  water  during  the  periods  of  drought.  ^Icasurenients  and 
computations  of  the  amount  of  water  discharged  from  reservoir'i  at 
such  seasons  are  made  and  comparisons  had  with  the  behavior  of  the 
river  at  St.  Paul  and  lower  places.  Observations  of  river  heiirht  aiv 
made  at  tlie  United  States  Weather  Ibireau  gag<'  located  on  a  wjiarf 
nc^ar  the  foot  of  Jackson  street.  The  zero  of  this  gage  is  at  an  eleva- 
tion of  083.334  feet.  The  measurements  are  made  from  a  boat,  at  a 
section  about  halfway  between  Wabash  street  bridge  and  Roberts 
street  bridge,  in  the  city  of  St.  Paul.  Every  time  a  series  of  observa- 
tions are  made  two  wires  are  stretched  across  the  river  })arallel  to  each 
other  and  at  a  distance  of  13  feet  apart.  Tpon  the  completion  uf  the 
measurement  tlie  wires  are  reeled  up  sei^arately  on  api)ai'atus  espe- 
cially constructed  for  the  purpose,  as  it  is  impossil)le  to  maintain 
permanent  cables  across  the  river,  on  account  of  obstructing  nav- 
igation. The  bridges  in  the  city  are  too  high  for  satisfactory  work. 
Records  of  height  are  maintained  by  the  United  States  Weather  Bu- 
reau and  are  furnished  to  this  office.  Results  of  measurements  may 
be  found  as  follows:  1897,  Nineteenth  Annual  Report,  Part  1\'.  paire 
207;  1898,  Twentietb  Annual  Report,  I^art  IV,  page  230. 
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Daily  gaffe  height^  in  feet,  of  Mississippi  River  at  St  Paul,  Minnesota,  for  ISOO,^ 


Day*.  \    Jao. 


1. 

4. 

S_ 

I, 
»_ 
9, 
10. 
11, 
13. 
13_ 
14- 
15, 
1&. 
17. 
18  _ 
19- 

a>. 

21_ 

tst. 

S_ 
U. 

a, 

Sft- 
27  _ 
»_ 
SO. 

a), 

31. 


Frozen. 
-  -do, 
...do. 
-,.-do. 
.-..do. 
*,_.dQ . 
..,,da. 
.,..dQ- 
._..da, 
.-..do. 
.-.,do 
.-.  dti-. 
,,.,do.. 
....do.. 
._..do.. 

-..-do.. 
„„do. 
....do. 

,„.do-. 

.-..do.. 
.,,.do. 
—  .do. 
...do. 
....do., 
.-.-do- 
....do.. 
.,,,do, 
-.-do-, 
-—do-. 

,..-dO-. 

-,-do. 


Feb. 


Mar. 


,do 
do- 
do.. 

.do.. 

do.- 

,do., 

-do.- 

,do. 
-do.. 

do.. 
do. 

, do . ,  I 
-do     ! 

do,, 
.do., 
.do- 
.•lo.. 
.do-, 
-do.. 
,do. 
.do. 

do., 
.do.. 
,do.. 
-do.. 
,do.. 
.do.. 


do 

.do.. 
,do,. 

.do. 

do.. 

.do.. 

.do.. 
-do., 
do 

do.. 
do., 
do 

.do.. 
,do  . 
.do . . 
.do.. 
do.. 
.do., 
.do. 
,do  . 
.do., 
.do., 
do., 
.do,, 
.do.. 
.do-. 
.do., 
do., 
.do,. 
.do- 


Apr. 


Fro<en. 

.„,do.. 
.—do.. 
..-.do. 

...do.. 

.„:do.. 

.-.-do.. 

5.0 

r.i 

«J 
»,8 
1ft.  r, 
10  a 
10. 4 
lfS.4 
10  i 
I'M 
9.6 
I^.K 
»,0 
7  + 
7.0 

fl.r 

tj.A 
0  3 

H.l 
0.2 


Himj.  Juno. 

July. 

Aug. 

DtSpt. 

(>ct 

Ndv. 

Dw. 

a.  4 

6.7 

ft. 

4.0 

7.  ft 

4,4 

7.3 

4.7 

&.41 

41.3 

ft.  7 

a.  8 

7.  a 

4.3 

7,1 

4.7 

fl.a 

7.7 

U.5 

a.  7 

0.9 

<.3 

7.0 

4.tt 

7.0 

n.a 

H.3 

a7 

fl.7 

4.2 

0.8 

4,5 

7.1 

»,a 

R.O 

afl 

0.4 

4.S 

0.7 

4.e 

1,% 

^,7 

7fl 

ft.S 

o.g 

4.1 

Art 

a.:s 

T.li 

W.3 

r.fi 

a  a 

0.3 

4.1 

0  5 

ST.  5 

7.fl 

».« 

7.3 

as 

0.1 

4,1 

0.4 

S,5 

7.6 

f>.7 

7.(1 

a.  5 

B.9 

4.0 

fl.3 

s,a 

7,3 

IKJt 

fl.« 

:i 

ft.H 

4.0 

0,1 

4.2 

a,  ft 

9.» 

rt.fi 

an 

5.7 

4.0 

0.0 

4.0 

n.7 

H.7 

6.g 

4.0 

5.7 

4.1 

rt.o 

4.4 

H,r, 

W.9 

«.(» 

4.1 

5.7 

4.1 

5.0 

FroKen. 

6.3 

low 

5.9 

H.K 

.Vft 

4.  a 

5,8 

Do, 

a  I 

10.  ^^ 

fi.ft 

3J4 

fi.B 

4.4 

5.7 

Do. 

».o 

KLfi 

fl.O 

3.  ft 

5.B 

4.« 

fi.0 

Do, 

11.1 

lU.fl 

ri.7 

*.o 

5.5 

5.n 

B.5 
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WEST  GALLATIN   RIVER  AT  8ALESVILLE,    MONTANA. 

This  stream  has  its  source  in  the  northwestern  corner  of  Yellow- 
stone National  Park  and  flows  in  a  northerly  direction,  joining  Madi- 
son and  Gallatin  rivers  near  Tlireeforks  to  form  the  Missouri  River. 
The  upper  75  miles  of  its  course  is  in  a  canyon  the  scenery  of  which 
rivals  many  of  the  noted  canyons  of  Yellowstone  National  Park.     Sur- 
veys for  a  road  up  this  canyon  have  been  made  in  order  to  reach  the 
road  system  that  the  Government  has  built,  in  the  imrk,  but  the  plans 
have  not  yet  been  carried  out.     About  ]  0  miles  above  Salesville,  Mon- 
tana, the  river  leaves  its  canyon  and  enters  the  Gallatin  Valley,  which 
hasan  extent,  in  round  numbers,  of  1,2CX)  square  miles.     This  area  has 
been  noted  for  a  number  of  years  for  its  fertility;  immense  crops  of 
hay  and  cereals  are  yearly  matured  here.     The  land  is  in*igated  from 
<^nals  taken  from  the  (yallatin  River  and  a  number  of  tributaries, 
including  Middle  Creek,   Bozeman  Creek,  and  East  Gallatin  River, 
^^n  certain  bench  lands  against  the  sides  of  the  surrounding  moun- 
^^ins  dry  farming  is  practiced,  or,  in  other  words,  crops  are  raised 
without  irrigation.     Two  gaging  stations  ar<»  maintained  on  this  river, 
^He  near  Salesville  and  the  other  at  Logan,  near  its  mouth.      The 
Salesville  station,  which  has  been  maintained  for  a  number  of  years, 
*s  located  at  the  highway  bridge  crossing  the  stream  about  5  miles 
^uth  of  Salesville.    Kleinschmidt  ditch,  having  a  capacity  of  75  second- 
^^t  but  carrying  of  late  years  not  over  40  second-feet,  diverts  water 
^^omthe  river  above  the  station.     A  gage  rod  was  erected  in  1805  and 
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ik^Nl  ti>  M  trfHv;  ni  lhJ»*j  a  wire  Rage  was  placed  on  the  bridge,  and  the 
i^vogJ^^**^  mndo  U>  rt^iwl  the  nanio*  The  heufh  mark  is  thelieadof  the 
southwest  bolt  in  the  rim  of  the  souUieast  cylindrical  pier,  and  its 
elevation  is  13,70  feet  above  gage  datum.  The  observer  is  Ira  T 
Williams^  of  Salesville,  Montana.  The  results  of  diseharge  ineaKurfi- 
ments  nn*  shown  as  follows:  1H*Mi^  Eight-iH>nth  Annual  Report^  Vnn 
IV,  page  12*j;  1B97,  Nineteenth  Annnal  Repc»rt,  Part  IV,  pajre  i'7fi; 
1R'J8,  Twentieth  Annual  Heport,  FaH  IV,  page  Ml.  The  foUowjnir  j 
nH^aHiirements  were  mmle  under  (he  supervision  of  Samuel  Fortier 
during  ISHU: 

Moreh  $1,  ga^  height,  3.90  feet;  diechArge,  474  second- feet 

April  ft,  gago  liMght^  3.80  feet:  <lischars<^,  7M  flecond-feeL 
April  i:J,  gag*?  height,  S,*25  feet;  tlisc^Harge,  1\9  second-feet 
May  1,  gage  height*  3.40  feet;  diachiirge,  Hao  aecond-feet. 
May  fl,  gage  height,  4»00  tfs^ti  dii^'harge*  i  .056  5^cond-feet. 
Jntj<?  10,  gage  height,  5.3.i  feet;  dis<'harge,  2M7  second-feet. 
August  80,  gage  height,  tSM  feet;  discbarge,  7U  iecond-feet 
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MIDDLE   CREEK    NEAR    BOZEMAN,    MONTANA. 

This  creek,  a  li-ihiitary  of  East  Gallatin  River,  has  its  soiir*:^*^ 
the  northern  slope  of  the  Gallatin  Rantre.     Although  it  drains  a  ^^^   - 
area,  it  is  an  im])ortant  stream,  on  aeeouut  of  its  water  siippl\-,  vV*  ^ , 
is  used  for  irrigation  purposes  in  the  vicinity  of  Hozenian.     The  l^^i-^-^ 
station  is  locate<l  0  niilc^s  south  of  Hozeman  and  one-eighth  of  m^    ^ 
above  the  old  sawmill  dam  in  the  creek  canyon.     Discharge  nicii-^^  ^^ 
ments  are  made  from  a  wire  cable  [)lac(Ml  across  the  stream  in     ^  ^ 


The  LCiigo  is  about  200  teel  billow  U\\i  exvV>lv?,  and  consists  of  a 
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zontal  frame  supporting  a  wire  gage.  Bench  mark  No.  1  consists 
of  a  spike  driven  horizontally  into  a  stump  5  feet  high  about  80  foet 
east  of  the  gage  rod.  The  middle  of  this  spike  is  at  an  elevation  of 
7.03  feet  above  gage  datum.  Bench  mark  No.  2  consists  of  an  8-inch 
bridge  spike  driven  horizontally  into  a  charred  stump  about  25  feet 
northeast  of  the  gage,  with  an  elevation  of  3.58  feet.  Bench  mark 
No.  3  consists  of  a  large  rock  93  feet  east  of  the  gage,  marked  ''  B.  M." 
in  black  paint,  and  is  4.8-4  feet  above  gage  datum.  Results  of  dis- 
charge measurements  may  be  found  as  follows:  18i>C,  Eighteentli 
Annual  Report,  Part  IV,  page  128;  1808,  Twentieth  Annual  Report, 
Part  IV,  page  243.  The  following  measurements  were  made  under 
the  direction  of  Samuel  Fortier  during  1800: 


Measuremetitit  of  Middle  Creek  near  Dozeman,  Montana. 


Date. 

Gage 
height. 

Dis- 
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Date. 
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Di8- 

charge. 

Mar.  U 

l«^l*. 
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....:{            0.U-) 
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1            .(15 

1            .W» 
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Apr.  4. . 
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Jnlytifi. 
Aug.  20 . 
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[  Daily  gage  height,  in  feet,  of  Middle  Creek  at  Bozeman,  Montana,  for  ISOO, 
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.28 
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.28 
.25 
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GALLATIN   RIVER   AT   LOGAN,   MONTANA. 


West  r^*^^^  Gallatin  River  is  formed  by  the  junction  of  the  Eadt.  and 
^^llatin  rivers  5  miles  above  Logan.     The  wire  gage  is  located 


on  the 


^^st  span  of  the  railroad  bridge. 
^^^  36 7 


Bench  mark  No.  1  is  the  top 
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of  Ui«  DOfliaeftat  oomer  of  tfae  iron  plat€  At  foot  of  diagonal  eBd  mem- 
twr  of  imm  ea«4  end  upper  side,  and  is  1S.70  feet  aboTe  datnnt 
Beseh  mark  No.  f  eomaiats  of  the  head  of  a  bridge-  gpike  driv^^n  Ter- 
Uoally  Into  the  top  of  a  pile  stumpy  to  which  the  lower  end  of  the  oU 
liicUtia  $Mge  is  fanteoed;  it  is  OABi  foot  abore  ctag^  datum.  Dis- 
cliarg««  nieaaurHtiK^titii  mm  niade  frmn  the  cabte  aeross  the  Hirer  M 
feet  abovff  th#*  milruail  I  bridge,  and  show  the  atnoanl  of  water  aTaii- 
aWa  afttf-r  th**  diver^i«iiii  a«  al>ove,  Th«*  M<*tion  tn  a  good  one,  tte 
chantiel  Mti|r  tttmlfht  for  some  distance  al)ove  and  below  the  gaigtng 
cable.  The  rp^tiUs  of  mea^^Drement^  are  pablished  a^  follows:  ISIHJ, 
UglilMJtth  Anntial  Report,  Part  IV,  page  12^;  lSS*r,  Kinetwith 
AfUitial  Uefxtrt,  Part  IT,  page  ^78;  185^8,  TweDtieth  Anoual  Rei^>n, 
Part  IV,  pagf'  2UK  The  following  tneasuremeiits  were  made  noder 
Itia  drn*i*lion  of  Samoel  Fortier  during  IB^f*: 

Ma3«ii  IS,  gsffe  height,  1.00  foat;  difichar^e,  ^SO  second-fe«t. 
April  9,  gttg«  height,  l.»0  feet:  discharge.  1420  Becoudfeet. 
ApHl  ii.gaf^  height.  l.«0  Teet:  discharge,  1»0§9  soccmd-feet. 
Ila72£^  gagp  height*  2.24^  feet:  dtschatK^  l,^tf  secotid-feet. 
JTttlj-  U,  gage  height.  3.00  feet:  dischargit.  i*07l>  aecond-f^et 
Jnljr  30.,  gage  heii^ht,  1  .^i  feet:  diacbarge,  760  iecond-feet. 
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January  1  to  March  6  river  frozen;  no  readings.  a  Frozen. 

A  measurement  of  Bridger  Creek,  a  tributary  of  E<ast  Gallatin  River, 
was  made  August  3  at  the  highway  bridge  at  the  fish  hatchery  in  the 
canyon,  and  showed  a  discharge  of  25  second-feet. 
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Ml^AHURKMENTS  AT  RIVER  STATIONS.* 

MADISON  RIVER  AT  REDBLUFF,    MONTANA. 

Tliis  river  has  its  source  in  the  central  portion  of  the  Yellowstone 
National  Park,  and  flows  in  a  general  northerly  direction,  joining  the 
Jeflferson  and  Gjillatin  rivers  near  Threeforks  to  form  the  Missouri 
River.  Some  distance  beyond  the  western  boundary  of  the  park  an 
opening  of  considerable  extent  occurs,  known  as  the  Upper  Madison 
Vallej'.  Below  Meadow  Creek  the  bluffs  close  in  again,  and  the  river 
is  in  canyon  to  below  the  mouth  of  Cherry  Creek.  Beyond  this  it 
gradually  oi>ens  into  the  lower  valley.  The  country  about  the  head 
wat«i-s  of  the  stream  is  too  high  for  profitable  farming,  except  for 
summer  stock  ranging.  Less  water  can  l)e  used  for  irrigation  from 
this  stream  than  from  the  other  two  tributaries  of  the  Missouri,  but 
the  fall  is  admirably  adapted  for  power  puii>oses,  and  a  number  of 
surveys  have  been  matle  in  this  connection.  The  gage  rod,  which  was 
established  May  2,  1897,  is  located  at  the  ranch  of  the  observer,  Mrs. 
S.  A.  Black,  3  miles  below  the  Redbluff  iron  county  bridge  over  the 
Madison  and  about  1^  miles  below  the  mouth  of  Cherry  Creek.  Dis- 
charge measurements  are  made  at  the  highway  bridge  above.  Cherry 
Creek  enters  between  the  bridge  and  the  gage  rod,  and  it  is  necessary 
to  measure  its  discjiarge  whenever  a  measurement  of  the  main  river 
is  made.  On  June  3  its  discharge  was  366  second-feet,  and  on  June 
29  its  discharge  was  186  second-feet.  Results  of  measurements  are 
published  as  follows:  1897,  Nineteenth  Annual  Report,  Part  IV,  page 
280;  1898,  Twentieth  Annual  Report,  Part  IV,  page  236.  The  follow- 
ing discharge  measurements,  not  including  Cherry  Creek,  were  made 
in  1899  under  the  direction  of  Samuel  Fortier: 

June  8,  gage  height,  2.50  feet;  discharge,  4,784  second-fBet 
June  30,  gage  height,  3.30  feet;  discharge,  7,616  second-feet. 

»  ContJiiaed  from  Water-Supply  and  Irrigatioii  Paper  "So.^fc, 
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iMilu  gage  Iwiffhl^  in  feti^  of  MmOmn  Biver  at  BedMuff,  MoutaHa,  for  H^h.. 


D»y. 

Apr. 

Umr. 

Jtllus. 

July. 

Aug. 

6«pt. 

Oct. 

Hot. 

D^ 

1 

i.oa 

LAfi 

1,T0 
1.75 
L76 
Ltd 
LBO 

1, 10 
1.1ft 
L«6 
1.80 

l.lrt 
LI" 
HO 
LIO 
tt» 
MU 
110 
LW 
S,lft 
B,»i 

3.  fit* 
3,  fill 
S.AD 

S.70 

IS 

800 

»jn 
am 

aiw 

3.r(t 

8  70 

3.(f^ 

BttTj 
3,  rj> 

;*  tjfi 

3.  (W 

3.05 
3.4U 

3.a> 

J.  90 

£.ao 
tm 

2.W 
S,fti 

£Llfi 

M-Jil 

4.3(f 
J.  10 
2.rt* 
l-Mf) 
1  itj 
LttO 

1   tMl 
I.  A* 
1  «i> 

1  tW 

im 

1.7l> 
l.?0 

I  TO 
LTO 

1.70 
L65 

i.«a 

L70 

1.^ 
Lao 

!  Wi 
L75 

t?o 

i.Tll 
l,7li 
IH) 
LOO 
L«tl 

t.iia 

LIO 
LUl 
L4n 
l.«> 
LiO 
1.10 
1  40 
t.ill 

im 

MO 
L4A 
L4i) 

L4U 
Mfl 
L«0 
1,40 
L4fl 
L4«) 
L40 
L40 
l,*J 
1  40 
1.40 
1,40 
LIU 
1  40 
1  W 
1.4ft 
1,40 
[Mt 
1.40 
UIO 
1      I  40 
L40 
140 
L40 
L40 
1.40 
t,40 
1.40 
1.40 
L40 

i.ao 

L3D 

}:$ 

hm 

L30 
L*> 
Lao 
L^ 

1  m 

L30 
1  JiC» 

i.m 
im 

L*} 

1  a^ 

l:40 
\.m 
Lao 
Lao 
L3n 

L30 
1  30 

L30 
1,30 
1.30 
L^ 

i.ai 

i,ao 

J*,.*         ,*.*,**.*-* 

■WW        **»« 

*-.,.. ..-.-.. 

4       *      .,.**    «^^« 

i.m 

....... 

A                 ^- 

J;;:"'"::::;;:::: 

1::::::::::::::::::.. 

■' — - 

«»l 

It 

ja  ^. ,..,.-.,. 

H  ^.^„, .„-.,«- 

-*-"" 

t5     ::  ""i:!i:!: 

13 

U ^.- -. 

u 

iao 

'  "'(4j" 

17                .            ,  .- 

1.00 

i.m 

1.00 

hm 

LOO 
l.M 
IM 

i.m 

l.^ 
l.ft^ 
i.ti& 

m „^,, 

Ill ,« „,, 

ii  ::;:::™:::::::: 

31                _,.  ^^-    .. 

^     ,..,-*—* ,., 

LW 

ffl....„.^,„-- - 

S4. _..„.„.._ , 

3i _ 

30, 

37 ..„„ 

3*... 

(a) 

m 

C<iJ 

3i__. , 

Jaiiii&r^  1  to  Aprrfl  Ul,  Hir^r  froxon;  no  rondfa^H,  nloo. 

JKFPEKS4:)K   RTVKR  AT  SAPPtNGTON,    MONTANA. 


I 


This  rivor  ia  formed  hy  the  uuioii  of  Bighole  nufi  Boftverdnin  rivers 
nrar  Twin  Urirl^M^s^  Mniitaim.  Thv  fovnM^v  s1  rcnni  Iih^s  its  sniirvo  in  the 
highest  pjirts  of  tho  Rocky  Mountains,  which  form  tlie  Continental 
Divide  and  the  Statc^  boundary  line  between  Montana  and  Idaho.  Tlie 
liead-water  tril)utary  of  Beaverdani  River  is  Redrock  Creek,  rising  in 
in  tlic  soutliw<\stern  part  of  the  State,  about  20  niik\s  west  of  the  bound- 
ary line  of  Yellowstone  National  Park.  Jeff(M'son  River  is  one  of  tlio 
main  streams  that  unite  at  Threeforks  to  form  the  Missouri  River. 
This  latter  namc^  shonld  «ap[)ly  to  the  JelTerson  and  its  tributary.  Red- 
rock  Creek,  as  this  is  the  lon<^est  of  the  three  head- water  streams  of 
th<^  Missouri.  Irrigation  is  practiced  to  a  limited  extent  in  the  upper 
reaches  of  the  Jetferson,  mainly  for  forage  plants.  From  'i' win  liridges 
downstream  to  tin*  moutli  of  the  North  and  South  Boulder  crtn^ks  is 
an  extent  of  tillable  land,  which,  however,  has  been  little  utiliziHl  up 
to  the  present  time.  The  river  is  in  canyon  from  ]]oulder  Cnu^k  to 
about  Willow  Cre<»k,  whence  the  gorgi^  gradnally  widens  out  into  tlu* 
Gallatin  Valley.  The  station  on  this  river  is  located  at  Sapi)ington,  7 
miles  above  Willow  C'reek,  and  was  established  l)y  Arthur  V.  Davis 
November  13,  1894.  The  wire  gage  is  fastened  to  the  guard  rail  on 
the  upper  side  of  the  Northern  Pacific  Railway  bridge,  1  mile  nortli 
of  the  railroad  station.  Bench  mark  No.  1  consists  of  a  6-inch  wiir 
nail  <lriven  horizontally'  in  tlie  east  side  of  the  blocking  which  forms 
the  south  abutment  of  the  railroad  bridge  and  is  G.90  feet  above  gage 
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Saturn.     Bench  mark  No.  2  is  a  6-inoh  wire  nail  in  a  telegraph  pole, 
Jibout  30  feet  sonth  and  east  of  the  south  almtment  of  the  bridge,  and 
dbat  an  elevation  of  7  feet  on  the  gage.     Bench  mark  No.  3  is  the  head 
4if  the  northwest  bolt  fastening  the  switch  standard  to  the  cross-tie, 
30  feet  east  of  the  bridge.     Its  elevation  is  15.67  feet.     On  November 
3, 1897,  the  rod  was  lowered  eight-tenths  of  a  foot,  the  subsequent  read- 
ings being  adjusted  to  the  new  datum.     Discharge  measurements  are 
made  from  a  cable  and  car  erected  a  short  <listanoe  above  the  bridge. 
Besults  of  measurements  may  be  found  as  follows:  1806,  Eighteenth 
Annual  Reixirt,  Part  IV,  page  134;  1807,  Nineteenth  Annual  Report, 
Part  IV,  page  281 ;  1808,  Twentieth  Annual  Report,,  Part  IV,  page 
238.     The  following  measurements  were  ina<le  during  1800  by  Samuel 
Porti«M-: 

April  10,  gage  height,  2.70  feet;  discharge,  2,891  second-feet. 
April  24,  gage  height,  2.80  feet;  discharge,  2,505  second-feet. 
May  21,  gage  height,  4.50  feet;  discharge,  0,505  second-feet. 
July  18,  gage  height,  5.40  feet;  discharge,  4.847  second- feet. 
July  29,  gage  height,  3.10  feet;  discharge,  2,909  second-feet. 

^%  Q*^{if*'  height,  in  feet,  of  Jefferson  Rn'vr  at  Sappington^  Montana,  for  JS99. 


Day. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

1 

2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
3.00 
2.»i 
2.K5 
2.70 
2.70 
2.70 
2.70 
2.70 
2.80 
3.00 
3.15 

3.00 
3.00 
2.00 
2.85 
2.80 
3.05 
3.20 
3.00 
4.10 
4.55 
4.95 
5.15 
5.35 
5.26 
4.95 
4.00 
4.25 
4.40 
4.50 
4.00 
4.45 
4.40 
4.40 
4.50 
4.65 
5.35 
5.»i5 
5.90 
5.911 
5.  HO 
5.80 

5.80 
5.80 
6.15 
7.00 
7.30 
7.40 

7.rjo 

6.50 
0.21) 
5.95 
6.10 
6.65 
7.40 
7.80 
8.00 
7.70 
7.3!) 
7.40 
7.«5 
8.50 
0.00 

\im 

0.65 
9.10 
8.30 
8.00 
8. 00 
7.80 
7.60 
7.70 

7.60 
7.66 
7.35 
7.20 
6.90 
6.70 
6.50 
6.10 
5.K5 
5.65 
5.60 
5.50 
5.40 
5.40 
6.25 
5.20 
4.85 
4. 75 
4. 60 
4.45 
4.35 
4.25 
4.05 
3.85 
3.65 
3. 45 
3.25 
3. 10 
3.10 
3.10 
3.10 

3.10 
3.00 
3.00 

2.  no 

2.«) 
2.90 
2.S)0 
2.80 
2.ti0 
2.80 
2.J)0 
3.00 
3.(10 
2.95 
2.90 
2.80 
2.80 
2.70 
2.60 
2.60 
2.  iiO 
2.60 
2.<50 
2.  HO 
2.  HO 
3.80 
2.70 
2.70 
2.50 
2.50 
2.40 

2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.. '10 
2.30 
2.30 
2.30 
2.30 

2.:io 
2.:u) 

2.  .'10 
2.20 
2.20 
2.20 
2.10 
2.10 

2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.20 
2.30 
2.30 
2.40 
2.40 
2.50 
2.50 
2.60 
2. 70 
2. 70 
2.  HO 
2. 00 
2.00 
2.J)0 
2.90 
2.90 
2.9J) 
2.90 
2.JK) 
2.90 
2.W) 

2.90 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.  HO 
2.80 
2.80 
2.80 
2.80 
2.  HO 
2. 70 
2.70 
2.IW) 
2.60 
2.60 
2.60 
2.80 
2.60 
2.<J0 
2.60 

2.flf» 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.80 
2.80 
3.00 
3.00 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

30         

21 

28 

23 

24 

26 



26     

27 

28    

29 

's.'to 

30 

31 

2.70  '      3.10 
2  70 

.January  1  to  Mantb  2K,  river  frozen:  no  roailint^H. 
I>ecouiljer  15  to  31,  river  frozen:  no  readiu^^ 
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OPERATIONS   AT  B[VEE   STATlONSj  1899, — FART   IIL 
MrSSOLIRI   niVKR   AT  TOWNSEND,    M(^NTANA. 

Thiw  river  in  formet!  by  tbe  junction  of  tho  Jeffeimjii^  Madison,  aE< 
OallHtin  rivers  at  Threefork*^,  Montana,    Observaiious  of  gaga  height^ 
are  inamtaiuvd  at  Towiistnid  by  tho  Missouri  River  C^iniiiiBsiou^  Ari4 
although  tli*3  section  is  not  an  ideal  one,  it  atiU  seenis  desiral>lf* 
nmko  oecAHional  discharge  ineaeureinents  as  tho  station  is  &^ilf 
aecossiblu  and  daily  gs^ge  observations  are  t^iken  at  no  expense  to  ihia 
Survey.    The  gage  is  located  at  the  wagon  bridge  about  a  mile  nortli 
of  the  railroml  station.     The  heights  given  are  the  means  of  two  daily 
readings  expressed  in  feet  above  tho  St.  Louis  directrix,   which  is 
412.73  ft*et  above  mean  gulf  level.     In  the  following  table,  furnished 
by  Charles  Keller,  first  lieutenant^  Corps  of  Engineei-s,  United  SUittiS 
Army,  the  figures  3,3CX)  have  Ijoen  oniittM,  and  it  is  therefore  ncem- 
sary  to  afld  this  amount  U>  oiitain  the  elevation  of  the  water  surfnw 
alMJV(*  tho  St.  Louis  datum.     Reaufe  of  measurements  are  found  m 
follows;  180r>,  Eighteenth  Annual  Report,  Part  IV;  page  124;  IM, 
Kineteenth   Annual   Report,    Part   IV,   page   283;    ISnS,  Twentieth 
Annufii  Report,  Pai*t  IV,  page  244.     The  following  discharge  niai**' 
ureruiMits  were  ma<le  during  1899  under  the  direction  of  Samiiei 
'orlier; 


May  «X),  gage  height^  92.00;  diicharge,  IS^O^l  8&oond*feet* 

J 11  no  M,  g^go  height,  ^}.^  feet:  diecharsre*  20»832  (lecond-feeL 

July  21,  gage  height ^  W)M  feet;  discharge,  8,842  aaoond-feet 

Ikiilff  (tiitje  Iteiijhty  infei^L  af  MixHftuH  Rii^'r  tit  Toit*tiitevii,  Mmttantt,  for  1S*J^» 


Dny. 

April. 

May. 

85)!  80 
89.  8() 
89.80 

89.  90 
90. :«) 

90.  W) 
91.05 
91.2.5 
9l.rv5 
91.70 

91.  W 
91.  (JO 
91.50 
91.  a5 
91.2;5 
91. 15 
91.10 
91. 10 
91.  (k5 
91.00 
91.00 
91.  a5 
91.  40 
91.60 
92.0.5 
92. 00 
«r2.  (¥) 
91.95 

91.  90 

\ti.  4I> 

92.  85 
9'}.  :i5 
m.  50 

9:3. ;» ) 

iK3.  10 
92.  60 
ir2.  :X) 

92.  4,5 

leHo 
m.  40 
9;}.  70 
9:3. 75 
93. 75 

93. 60 

93.  70 
94. 10 
94. 60 
95.  2i) 
95.  a5 
95.  (io 
1»5.  75 
5)5.25 
5H.  :).5 
1H.4<) 
94. 45 
5)4.20 
5^4.20 

Juty, 

AUK. 

t^pL 

SH.») 

Hi),  lii) 

89.(10 
85).(Il5 
Ml.  00 
89.00 
89.(1) 
89.(1) 
85).  10 
89. 10 
89.  15 
89.20 
89. 20 
85).  20 
89.20 
85).  20 
89.20 
89. ») 
89.  40 
89. 45 
85).  .50 
851.  .55 
851.  W 
85).  (M 
811.  5() 
89.  .50 
89.  .50 
89.  40 
811.40 
89.  40 

?r*»T. 

1  „„.._ ,„.. 

94  10 
n  iL-i 
93  Sti 

5r3.  <5<) 
5»:{.;r) 
m.  a5 

92. 80 
92.60 
512.  .5.5 
92.  45 
92.  a5 
5)2. 25 
92.  05 
5)2.00 
91. 80 
91.(>-5 
91.. 50 
91.3) 
5)1.05 
5)0.5)5 
90  90 
90.  &5 
90.70 
90.60 
90.  40 
90.  :^) 
5)0. 10 
90. 0.5 
fiO.  00 
f)0. 00 
89. 5k5 

8fl,»0 

m.  INI 

89.8.5 
89.80 
85).  70 
89.  70 
89.70 
85^  75 
85).  80 
85).  m 
89. 5)5 
89. 5)0 
851.85 
85).  80 
89.  70 
89.  H5 
89.  5;) 
89.  50 
851.50 
k9.  50 
89.  45 
89.;>0 
.851.  ,50 
89.  .50 
89.  4;5 
85).  40 
89.  W 
89.  :«J 
89.  2J) 
.89.20 
85).  20 

SI,  15 
89.  ]ll 
851.111 

89.  10 
851.  10 
89.  10 
89.(»i5 
89.00 
85).  00 
89.00 
89.00 
85).  00 
89.00 
89.  05 
89. 10 
i<9. 15 
89. 10 
89. 10 
89. 10 
85).  10 
89.  U) 
85).  (10 
89.00 
hi).  05 
85).  00 
89.00 
89.  W 
88. 515 
88.90 
H8. 510 

>ii  £41 

;i 

4  .  . 

'"hm.4^V 

S8.5<) 
HH.  HO 

m.  HO 

W>.  IX) 
1M).20 
tl0.4/> 
SH).  55 
JM).  8.') 
!HI.4^-> 
'.•0. 00 
IK).  00 
l»(J.05 
89.  95 
m.  IH) 
89.  75 

89.  I'O 
89. 90 
90.00 
S9. 95 
89. 95 
90. 15 

90.  40 
90.20 
90. 10 
90.10 



m.  ;ii 

s<»  30 

89.  ;C) 

0 

7 

H 

89.  :15 
85).  a5 
N9  :i'} 

0  

85).  :r> 

10 

11 

12  .            

89.  ;i5 
85f  :r> 

851  40 

13 

.S9.  40 

U 

15 ... 

16 

17 

18  . 

.85).  40 
89.  40 
89.  40 
89.  45 
.'^9. 45 

19 

81).  45 

3(»  

85).  45 

21 

89.44) 
85).;>0 

Zi 

sfj.  2.5 

24 

851.20 

25 

85).  20 

2H              

89  20 

27 

89  15 

2H 

85).  2»i 

2l»       

H5).  20 

m)  

.s;»  i; 

;u 

Dn\ 


m.m 
i^tiA) 
m.m 

M).  M 
89.1*' 
811  Ik', 
s9. 10 
S9.  Ill 
M».  Ill 
S9  111 

-/  ,s11  111 
h9.  10 
.^».  10 
.N9.  10 
89  10 

rf  M).  10 
h9. 10 
81).  10 

.811.  ir, 

H9.  2l1 
89  2"i 
89. 20 
89.20 
M).:i) 
.S9.  40 
811  ,^) 

.^9.  ^v^ 

85».  iV> 

/-ui.ro 

•«).',10 
1*1.  1^0 


«  Ico  roadinKH,  t)ecoralx^r  11  to  16. 


h  h'o  gorjr«^<l  1  HMM'mV»er  25). 
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MILK  RIVER  AT  HAVRE,  MONTANA. 

er  rises  on  the  eastern  slope  of  the  Rocky  MountAins  in  the 
orthem  part  of  Montana.  The  head-water  tributaries  have 
northeasterly  direction,  crossing  the  international  Iwundary 
British  territorj',  in  which  then*  is  a  large  area  drained, 
reenters  the  United  States  farther  eastward  and  flows  in  a 
►utherly  direction  to  Ilavn*.  Its  course  is  thence  easterly 
oins  the  Missouri  River  near  Glasgow,  Montana,  at  the 
?m  comer  of  Fort  P(K»k  Indian  Reservation.  The  valley 
6r  is  fertile  and  well  adapte<l  for  raising  the  hanlicr  grains, 
ent  in  this  <lirection  has  Imhmi  som<»what  slow  until  witliin  the 
ears.  The  area  draine<l  by  Milk  River  is  to  a  large  extent 
lirie  lands,  excell(*nt  for  gi*azing  purposes  and  covertMl  with 
X)wth  of  grass.  Tlie  discharge  niejisuriMnents  show  the 
f  water  available  for  the  canals,  a  number  of  which  liave 
»H»n  taken  from  tli<»  river  l)elow  Havre,  as  descrilH»d  in  the 
1  Annual  Report,  Part  IV,  page  280.  The  pn^sent  station 
at  IIavn»,  Montana,  and  was  established  by  Cyrus  C  I>abb, 
>08.  The  gage  iyhI  is  an  esiK^cial  fonn  descrilx»d  in  Water- 
aper  No.  27,  jiage  G8.  Measurements  of  discharge  are 
1  a  car  and  cable  of  200- foot  span  swung  across  the  river  a 
ince  above  the  gage.  The  river  is  subject  to  violent  floods 
u ration,  and  the  lx*d  of  the  river  l>eing  composed  of  gravels 
s  liable  to  changi*  after  each  fivshet.  Results  of  me^isure- 
1808  are  shown  in  the  Eight4»enth  Annual  Rei)ort,  Part  IV, 
The  following  discharge  measurements  wen*  ma<le  by 
g  in  181»0: 

Me(isnn*menfH  of  Milk  River  at  Ilfwre,  ^fm^tana. 
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TKLLOWSTONB  BITKR  AT  LJVIKr^rOK,  MONTANA. 


Thif*  river  hnn  its  s?onPce  in  ToUowstnne  J^ke^  In  the  National  Fftrk, 
and  ftnwH  in  n  northerl}  direct  if  jii  into  M<>Hiaiia,  If.s  eours*^  is  tliHHt 
eiisterlytoifs  jimflioii  with  tin*  >[issouri  River,  near  tin*  Xorth  n:ik*>t;^ 
line*  Owiti^'^  to  fhf  fact  "»f  tlu"  iiiiin**nius  springs  of  the  park  wliirb 
contribiit«  t4ntH  How,  and  .nlwi  to  tlie  faet  that  the  lake  act^^  tva  a  reirr 
lator,  the  disfharge  wht*n  il  crosses  the  Montana  line  is  larire  for 
a  riv(^r  of  tliis  seetion  f>f  tlie  eountry.  Velio wstoue  Valley  is  tlu' 
largest  IxKly  of  irrigable  lan<l  in  ^lontana,  having  a  length  of  about 
5(XJ  miles.  At  the  present  time  it  is  principally  utilized  as  a  range  f«»r 
a  vast  numU'r  of  eattle  and  sheep.  Willi  its  eomi)aratively  low  alti- 
tu«l(»  of  2,500  feet,  the  section  is  well  adapte<l  for  the  future  develop- 
ment of  irrigation.  'Hie  gaging  station  estal)lished  May  2,  1S!*7,  is 
ioeat(?d  at  the  highway  bridge  over  the  Vellowstone  River,  5  miles 
south  of  Livingston,  at  the  moutli  of  the  canyon.  A  wire  gage  is  in 
use.  A  new  bencli  mark  was  established  in  ISD'J,  as  follows:  Tlie  top 
of  the  end  plate  of  bridge  at  upper  side  of  cast  end,  at  an  elevation 
of  14.20  feet  abov(^  z(*ro  of  gage.  The  slope  of  the  water  surfaee  at 
gaging  Htation  was  found  to  be  0.140  feet  in  200  feet  on  August  2*.», 
1801).  The  observer  is  Thomas  S.  Carti'r,  who  lives  at  the  end  of  the 
bridge.  Tlie  rc^sults  of  nu^asurement/S  may  be  found  as  follows: 
lHli7,  Ninet.e(»nth  Annual  Report,  Part  IV,  pag(»  289;  1808,  Twentieth 
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^Ajmual  Report,  Part  lY,  page  248.     The  following  measurements  of 
discharge  were  made  under  the  direction  of  Samuel  Fortier  in  1809: 

March  10,  gage  height,  1.00  foot;  discharge,  1,702  second-feet. 
March  34,  gage  height,  1.10  feet;  discharge,  1,801  second-feet. 
April  5,  gage  height,  1.10  feet;  discharge,  1,868  second-feet. 
April  14,  gage  height,  1.40  feet;  discharge,  2,620  second-feet. 
May  28,  gage  height,  3.70  feet;  discharge,  6,964  second-feet. 
Jnne  21,  gage  height,  8.00  feet;  discharge,  22,053  second-feet 
July  20,  gage  height,  5.30  feet:  discharge,  7,283  second-feet. 
Angnst  29,  gage  height,  1.86  feet:  discharge,  5,337  second-feet 

Daily  gage  height,  in  feet,  of  Yellmcstone  Biver  at  Livingston,  MotUana,fipr  I8ff9, 
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BIGHORN   RIVER  AT  THERMOPOLIS,    WYOMING. 

A  niiuilK*i*of  (lisc'har^o  measureinonts  wore  nuulo  on  this  river  at 
Thermopi^lis,  Wyoming,  by  A.  J.  Pai-shall,  during  tin?  x>i*ogres8  of  a 
survey  in  that  vicinity,  which  lie  had  undertaken  for  the  State.  A 
bench  mark  was  established  on  the  pile  near  the  feriy,  and  the  gage 
lieightH  noted  are  the  distance  of  water  surface  Inflow  this  bench 
mark;  they  are,  therefore,  in  revi^i'se  order  to  the  usual  records  of 
^ater  heights.  Four  mejisurements  were  m^vde  during  1890,  as  fol- 
lows: 

Joly  28,  gage  height,  8  feet  below  bench  mark;  discharge,  4,867  second-feet. 
Angnst  7,  gage  height,  8.38  feet  below  bench  mark;  diRcharge,  4,204  second-feet. 
AogUBt  16,  gage  height,  8.98  feet  below  bench  mark;  discharge,  2,673  second-feet 
September  14,  gage  height,  9.74  feet  below  bench  mark;  discharge,  1,162  second- 
tat. 
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TLEAR    i'KEEK    AT   BUFFALii,  WYOHIKU. 

'Jliih  vn-i'k  1h  nnc?  of  tlit?  uiijst  iniXM>rtaiit  tnbutAnL*!s<if  PnwiK-r  Uiwr, 
liHvIn^  itrt  Huiin^e  in  tin'  siuiuiill  <if  tlit*  J^i^'liorii  3Iomil:iiiiN.  The  irr^ 
^lilJnj^  wynteni  dtverlin^r  w;ih*r  from  ihisi  stroinji  hus  Ijfen  ili'>rriiMMl  iu 
duUiil  in  carliiT  report s.  Thi*  jiniiit  tif  nii^aMuvmi^iit  is  aliunl  I  iiiiU^^ 
wewt  uf  JluJTaU^  Wyoiriiuji^,  ai  whieJi  ijoiiit  is  a  lliniie  (^ivct^'d  in  l>sn, 
ijf  lati.1  y«'iir>*  tills  elation  is  not  ooiisidercd  as  iiuportant  as  fnnncrlw 
on  actMianl  of  ilie  riiversinns  <^f  waUn-  wlnrb  bavi*  taken  platn'  witliiii 
ilrt  liaKiri.  The  earJitir  dis*'har^e  nioaFiiiroments  establishftl  a  laiitig 
tuv  thi*  iia*aisinjii^  fluirn',  and  il  ha^i  imt  Inn^a  nt*<'essan'  in  makv  any 
I4lai*<s  llie  n^wuhs  of  jaeaE^uivifn^Mts  are  shown  as  lolluws:  ]S;((.s 
KitffiU"*nlh  Aiinna]  li<*iMa't,  I'ai-t  IV,  jja^ro  140-  18^17,  Niri<*ipiMitli 
Animal  Ke[iur^  Purl  IV,  paj^t'  :30.S;  1S[(S^  'rwentietli  Annuiil  Iti'iJiol. 
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^art  IV,  page  250.     No  meaisureiucut^  of  discharge  were  made  at  this 
loiut  during  1899. 

Daily  gage  height,  infect,  of  Clear  Creek  at  Buffalo,  Wyoming,  for  ISttO. 
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MINNECHADUSA   RIVER  AT   VALENTINE,    NEBRASKA. 

This  stream  rises  in  South  Dakota,  flows  into  Nobrn«ka,  and  emp- 
ties into  Niobrara  River  near  Valentine.  Measurements  have  l>een 
nade  at  the  times  when  the  regular  river  station  on  Niobrara  River 
It  Fort  Niobrara  has  been  visited.  The  results  art*  of  value  as  show- 
ng  the  flow  avjfilable  for  milling  purposes,  there  being  little,  if  any, 
opportunity  for  irrigation.  Measurements  were  made  by  Glenn  E. 
imlth  at  a  iK>int  1  mile  alxwe  the  town.  The  channel  at  this  point 
8  stmight,  and  the  water  moves  with  moilerate  velocity.  The  banks 
ire  high  and  the  lx»d  sandy.  IVIost  of  the  measurements  were  made 
)y  wading.     Results  for  ]8IKi  are  as  follows: 

January'  27,  20.2  s<.*eond-feet ;  February  21,  45.0  sceond-fect ;  Mareh 
5,  25.7  second-feet;  April  2<),  *32.<»  second-feet;  May  11,  Jio.O  second- 
eet;  June  23,  23.0  second-feet;  August  12,  lO.O  second- feet;  Septem- 
mr  13,  23.5  second-feet;  September  20,  20.5  second-feet:  OctolK»r  20, 
4).0  second-feet. 


NIOBRARA   RIVER   AT   FORT  NIOBRARA,  NEBRASKA. 

This  river  rises  in  eastern  Wyoming  and  flows  acro.ss  the  State  line 
ttto  Nebraska,  continuing  along  the  northern  side  of  that  State  near 
he  lK)undary  of  South  Dakota  until  it  enters  the  Missouri  River  at 
he  northeastern  corner  of  Nebraska.     A  gaging  station  was  estab- 
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lishtd  by  ().  V. P» Stout  on  July  22, 1897,t.lireo-foarthsof  ih  milet^fiuth^ 
WL^»U*rly  from  Fort  Niobrara  and  above  the  month  of  MianecUadiisa 
Riv(ir.  It  was  afterw»iil»  dbc*outinued,  bat  was  resmiied  on  April  ^, 
IHliii,  wlioit  a  ro<l  was  located  105  feet  downstream  fmm  the  wiig^n 
bridi^e  HBar  Fort  Kiobrara.  The  rod  b  solidly  l>edded  on  c^ros^ttetf 
anil  well  fastened  with  bridge  spikei*.  It  i»^  a  new  3  by  4  inch  oak  nid 
10  ffot  long,  and  is  placed  on  the  left  bank  of  the  stream.  Beiieli 
mark  No.  1  is  the  top  of  a  large  npike  driven  in  the  top  of  a  2  by  I 
inch  timbt?r  which  m  mi  4  fei*t  in  the  gi-ound  and  12  feet  west  of  the 
rod,  and  in  5,03  ft^t  alxne  i^ge  datum,  Ben<?}i  mark  No,  2  is  the  fij|i 
of  the  short  ea^p  at  shiX3  of  truss  at  west  end  of  the  bridge,  downstrtam 
side,  and  i»  1L1)8  fot^t  alK>ve  the  zero  of  the  gage.  Bench  mark  No.  3 
is  the  top  of  the  plate  of  the  center  pier  of  the  bridge,  downstrpum 
side,  and  is  10.03  feet  almve  gage  datum.  Thomas  DiUon,  mailca^ 
rier  betwt^n  Valentine  and  Fort  Niobrara,  is  the  observer.  The  rewultfi 
of  measurement  are  shown  as  follows:  18ft7,  Ninett^eth  Annual  Rein^rt, 
Part  ly,  page  :W>;  IHiiH.  Twentielh  Annual  Report,  Part  IV,  p»i^ 
25b,  The  following  tlischarge  measurements  were  made  by  Gltjim  K 
Smith  during  1899: 

M^aaurentttrUs  of  Niobrara  M.iver  at  ^brf  NiahrarUt  iVe&rtixAcn.  ■ 


llOl^lltv 


DiJi 


Date. 


D^ 


l»iflL 


Jan. 27., 

Mar,  15., 

May  n.. 
Miiy  ^.. 


Frown 
Frijzou. 
Fi-i  izon 
1.15 
I.IO 
L44 
1.34 


HOT 

ijifn 


1880. 

Jttlylft--.,.* ..-, 

Aug.  13...... 

Anif.:fJ , „„, 

Si^iJt.ia 

St^nt.^W -„, „.. 

Oct,7 . _. 

Oct,  3D, „.___-.. 


i.m 

1,3& 
1.15 
LOS 
1,15 


Sevamd: 


^^ 


mi 


DitUy  ^agc  h^t^ightj  iHfevt,t)fyiGbrara  Hivtrut  Fort  yifibnrnt,  Xebnukn^/nr  IS'.^:^. 


D»y. 

Apr. 

May.! June,  JuJy, 

1           1 

ABii, 

Sept. 
1.24 

i.;ii 

1.31 
1  :^1 
I  11    , 
l.:il 

i.:;4 

1  21 

1.21    . 

L14 
1,14 
1.14     1 

1,31    ; 

Diiy. 

li---- 

in  .,., 

Apr. 



May. 

June. 

Jnly, 

i.r,i 

L44 
1.41 

Aiis.l 

S   ... 

:::::: 

M3 
1.11 

l.iJ 
\Ai 

I  i:i 

i.m 
i  u 
l.U 
l<]4 

i.ai 
i.;m 

1  :ii 
I  ai 

l.  H 

1.1:3 
i.i^i 

1.54 
1  44. 

1.31 
l.il 
1.^ 
l.^i 

l.i'4 

J  :^4 
1.11 

1.41 
L41 
1.4'J 

i.y 

1.44 
l.fil 

1.4;: 

1,54 

1.31 
1.:M 
1.51 
1  4J 
I.m 

i.ai 
i.ai 
i.ni 

1.41 

i.:h 
i.ai 
i.;w 

1  41 

1  "1 

L^l 
1.11 

i.k; 

l.H 

i.ai 

1.22 
LSI 
L24 
1.34 

1.41 
L41 
Ll^ 
1,24 

L^ 
L:" 

1  41 
L44 
L.41 

H . . 

ly.... 

n.... 

2\  .... 
*>* 

L41  i  l.:t4 
L41  .   I  3J 

I.m  ,  l:h 

7-.  . 

^I  -.- 

24    .,, 

1,44      LIE 
LEil     L51 
LU      I  21 
1.41     1.31 
Li2     LiM 

L31 
1.1*4 
L21 
1.24 
I  2J 

1  2^  ! 

m 
11    -- 

27  .... 
31.... 

l.U 
1.14 
1.21 
1,31 
l.Ul 

1  24 
1  ^'4 

1.24 

n.  .. 
u  ... 

1.14  1  M'l 
1.14  t  1.21 
1»U     1.34 

1.41 
L42 
1  :n 

L:k     L31 
L41  ■  L31 
1.31 

\  m 
Ll*l 

10,-.- 



, 

1.24 

1  n 

I.  II 
111 

1.^4 
I  21 

1  n 
I  II 

I    14 


J.,_J 


LARAMIE   RIVER  AT   WOODS   LANDING,  WYOMING. 

This  river,  a  tributary  of  the  North  Platte  River,  entering  it  ;it  Fort 

Laramie,  Wyoming,  has  its  source  in  the  mountains  of  northein  Colo- 

rudo,  adjoining  the  head  waters  oi  l\i^^  Cacli^  la  Poudre  on  the  wo^t. 
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Irrigation  is  practiced  on  a  nuiall  scale  in  Colorado,  but  principally 
for  hay  ranches,  as  the  elevation  is  too  great  for  divereified  farming. 
One  important  diversion — that  of  the  Sky-line  canal — takes  water  from 
the  Laramie,  carrying  it  across  the  divide  and  into  Cache  la  Pondre 
drainage.  This  diversion  is  working  a  hardshii>  to  the  Wyoming 
appropriators  below,  as  many  in  this  State  have  prior  rights  to  Sky- 
line canal,  but  owing  to  the  present  water  laws  the  Wyoming  rancher 
haH  no  redress  through  the  courts.  Laiamie  River,  on  crossing  the 
Wyoming  line,  soon  leaves  its  canyon  jind  entei-s  the  Larjiinic*  Plains, 
which  are  extensively  irrigated  from  the  main  stream  and  from  the 
various  tributaric^s,  notably  from  Little  Laramie  River,  whose  low- 
water  flow  is  now  entirely  used.  Lower  down  on  its  coui-se  the  river 
passes  through  another'  canyon,  to  enter  finally  the  i)lain  of  the 
Lower  Laramie,  which  extends  from  the  eastern  t'd^i'  of  the  Laramie 
Hills  to  the  mouth  of  the  river.  A  notable  divei-sion  in  this  section 
of  the  country  is  that  of  the  Wyoming  Development  ( \)mi)any,  ticking 
water  from  Laramie  River  ab<mt  l^7  miles  southwest  of  Wheatland. 
This  canal  system  is  more  fully  deserilKnl  in  the  Nineteenth  Annual 
Rei)ort,  Part  IV,  page  303.  Two  gaging  stations  are  nuiintained  on 
the  river,  one  at  Woo<ls  Landing,  a  short  distance  aft^n*  the  river 
appears  in  Wyoming,  and  the  other  at  Uva,  near  its  mouth.  The 
former  station  is  2(5  miles  from  Laramie,  Wyoming,  and  is  reached  by 
stage.  Measurement's  of  discharge  are  made  from  the  wagon  bridge 
which  spans  the  river  at  this  iK)int. 

The  gage  nxi  is  fastened  to  a  perpendicular  post  set  firmly  in  the 
bed  of  the  stream  and  braced  at  the  top  to  Mjacent  trees,  and  is 
about  400  feet  above  the  bridge.  The  l)ench  mark  is  a  nail  in  a  notch 
on  a  Cottonwood  tree  1  foot  in  diameUn*,  0  feet  from  the  nnl,  and  is  on 
a  level  with  the  7-foot  mark  on  the  ix)d.  The  measurements  here 
show  the  amount  of  water  available  for  the  use  of  the  irrigators 
below.  The  lx>ttom  of  the  stream  is  comx>osed  of  large  granite  bowl- 
ders, which  renders  the  shaiK"!  and  slope  of  the  channel  practically 
unchangeable,  but  adds  an  eh»ment.  of  uncertainty  to  the*  gaging 
results,  owing  to  the  difficulty  of  <leterniining  the  correct  cross  section. 
Results  of  mciisurements  are  published  as  follows:  ISIXJ,  Eighteenth 
Annual  Report,  Part  IV,  i)age  147;  181>7,  Nineteenth  Annual  Rei)ort, 
Part  IV,  page  302;  181i8,  Twentieth  Annual  Rei)ort,  Part  IV,  page  274. 
The  following  measurement's  of  dischai'ge  were  made  by  A.  J.  Par- 
shall  in  1899: 

May  20,  gage  height,  3.30  feet;  discbarge,  2,508  second- feet. 
Jane  8,  gage  heiglit,  3. 10  feet;  disclwirge,  2,319  secoud-feet. 
Jnne  21,  gage  height,  4.40  feet;  discharge,  4,145  second-feet. 
Jnly  6,  gage  height,  2.80  feet;  discharge,  2,194  second- feet. 
IBB  37 2 
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H^hr  iftgf  kngki,  m  /w*,  </  Idipamm  Mcer  nt  Wnoda  Landing,  W^ommg.  f0 
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LARAMIE   RVrmU  AT  inTA,  WVuMlNG. 

ThJH  utation  iB  luf^ated  1^  mil<^  hy  wngoii  road,  from  the  month  of  j 
thi*  river  at  Fort  Laramie,  and  (he  results  obtaintnl  show  prart ically 
1  hi' amount  ijf  water  iwiMsini:  out.  of  the  Stale  fn>in  thi*i  drjiiiia^;*'  arpsi.  1 
Tlie  nxl  is  fast<*iie<l  to  the  railroad  l)ri<ljj:e  of  the  Clieyeniie  Northern 
Railway,  a  half  mile  from  the  town  of  Ura,  wliile  (liscliarire  measiire- 
ment.s  an*  ma<h^  from  the  wapm  bi-idge  1,CH.MJ  feet  below.  Tlu*  ])eiioli 
mark  i.s  a  wpike  head  on  the  south  side  of  a  pile  on  the  east  end  of  rail- 
road ])rid;j:e,  and  is  ll.l>o  feet  al)ove  zero  of  gatre.  The  bed  of  the  river 
is  sandy  and  liable  to  eliani^e  dm-ing  hiirh  water.  Tlie  lesults  of  meas- 
urements are  shown  as  follows:  IS'.M*.,  Kiirhleenth  Annual  Keixut,  Part 
IV,  paj^'e  1411;  IS97,  Nineteenth  Annual  Report,  Part  IV,  paire  :M2: 
IS'.iS,  Twentieth  Annual  Report,  Part  IV,  paj^e  17«).  Tlie  followiiii: 
measurements  of  discharge  were  made  by  A.  J.  Parshall  in  1^^'.«'J: 

April  25,  gage  height,  3  feet;  discharge,  8()3  second-feet. 

May  0,  gage  height,  2.80  feet;  discharge,  .>3()  second-feet. 

May  30,  gage  height,  4.40  feet;  discharge,  2,0,*2  second  feet.  i 

June  13,  gage  height,  4.50  feet;  discharge,  2,144  .secund-feet.  | 

June  20,  gage  height,  5.80  feet;  discharge,  8,472  tsecond-feet. 

July  13,  gage  height,  3.05  feet;  discharge,  1,0<.)7  sccond-leet. 
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DaQy  gage  height^  in  feet,  of  Laramie  River  at  Uva,  Wyoming,  for  1809, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Dec 

1 

z 

0.80 

1.40 

1.60 

1.60 
1.60 
1.40 
1.40 
1.60 
1.60 
1.80 
1.80 
2.00 
3.00 
3.40 
5.60 
5.10 
5.40 
4.80 
4.40 

4.:jo 

4.30 
3.30 
3.60 
3.00 
3.00 
3.30 
3.20 
3.00 
3.00 
3. 10 
3.  (IT) 
3.00 
3.00 

aoo 

2.90 
2.90 
2.80 
2.80 
2.80 
2.80 
2.60 
2.40 
2.20 
2.00 
1.90 
l.W) 
1.80 
1.80 
2.55 
3.40 
3.40 
3.30 
4.80 
4.80 
4.50 
4.40 
4.60 
4.80 
4.90 
4.8f) 
4.60 
4.5CI 
4.40 
4.40 

4.60 
4.70 
4.80 
4.80 
4.80 
4.80 
4.70 
4.60 
4.30 
4.10 
4.10 
4.30 
4.30 
4.:}0 
4.80 
5.00 
5.50 
5.50 
5.60 
5.  tiO 
5.60 
5.50 
6.50 
5.60 
5.tiO 
5.80 
6.00 
5.90 
5.80 
5.70 

5.30 
5.30 
5.00 
4.90 
5.00 
5.10 
4.90 
4.70 
4.70 
4.60 
4.40 
4.30 
4.30 
4.10 
4.  (JO 
4.00 
4.00 
3.80 
3.60 
3.50 
3.30 
3.10 
3.00 
2.90 
2.80 
2.60 
2. 60 
2.50 
2.40 
2.40 
2.30 

2.20 
2.20 
2.20 
2.10 
2.10 
2.10 
2.00 
2.00 
2.00 
3.00 
2.00 
1.90 
1.90 
1.90 
1.90 
3.00 
2.00 
2.00 
2.00 
1.90 
1.90 
1.80 
1.70 
1.60 
1.50 
1.40 
1.40 
1.40 
1.40 
1.30 
1.30 

1.20 
1.30 
1.20 
1.20 
1.30 
1.20 
1.20 
1.30 
1.60 
1.50 
1.40 
1.30 
1.10 
1.10 
1.10 
1.10 
1.00 
1.00 
1.00 
l.(X) 
1.00 
1.00 
1.00 
1.00 
1.00 
l.tt) 
0.90 
0.90 
0.90 
0.90 

0.90 
0.90 
0.90 
0.90 
0.90 
0.90 
0.90 
0.90 
1.00 
1.10 
1.20 
1.30 
1.30 
1.30 
l.3<) 
1.30 
1.30 
1.30 
1.30 
1.40 
1.40 
1.40 
1.40 
1.40 
1.50 
1.50 
1.60 
1.60 
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5 
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»  .... 
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10 

11 
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15 

16 
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1.50 

19 
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21     ... 

1.60 

22 

23 

1.40 
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1.50 

29 

30 
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31 
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NORTH  PLATTE  RIVER  AT  ORIN  JUNCTION,  WYOMING. 

This  river  has  its  source  in  the  monn tains  of  North  Park  in  north- 
ern Colorado.  The  general  elevation  of  the  park  is  8,000  feet,  and  it 
is  surrounded  by  mountains  which  attain  an  elevation  of  12,000  feet. 
Irrigation  is  practiced  to  a  considerable  extent  from  small  ditches, 
which  are  used  almost  entirely,  however,  in  flooding  native  grass  lands 
for  forage  purposes.  The  river  passes  through  a  short,  narrow  canyon 
on  entering  Wyoming,  and  thence  flows  northerly  through  tlie  upper 
Platte  Valley,  which  extends  from  the  State  lino  down  to  Fort  Steel. 
The  river  thence  continues  northerly,  receiving  a  numl)or  of  impor- 
tant tributaries,  notably  Sweetwater  River,  in  the  basin  of  which  con- 
siderable irrigation  is  practiced.  The  only  station  maintained  in  this 
State  on  this  stream  at  present  is  at  Orin  Junction,  at  the  bridge  of 
the  Cheyenne  Northern  Railway,  'l^he  rod  is  attached  to  the  mid- 
channel  pier  of  the  railroad  bridge,  and  is  connected  with  the  follow- 
ing Ixjnch  marks:  The  spike  on  top  of  the  caj)  on  the  set  of  \}\\qh 
nearest  the  water  at  the  east  end  of  the  bridge  is  11.52  feet  above 
gage  datum.  The  IkhI  of  the  stream  is  composed  of  heavy  gravel  and 
saml,  the  cross  section  being  quite  uniform.  Measurements  at  this 
point  are  hot  altogether  satisfactory,  on  account  of  the  occurrence  of 
bridge  piers,  which  interfere  with  the  uniform  flow  to  a  considerable 
extent.  Results  of  measurements  are  found  as  follows:  189G,  Eight- 
^Hinth  Annual  Report,  Part  IV,  page  153;  1897,  Nineteenth  Annual 
tteiwrt.  Part  IV,  page  307;  1898,  Twentieth  Annual  Report,  Part  IV, 
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page  2f;*>,     The  following  discharge  meiy^ur^mentH  were  niiwle  during 
ISOi*  bv  A,  J.  Parshall! 


I 


Apiil  24,  gBgo  height,  A*M  feet;  disehflrge^  5^239  socotid-feet. 
Hay  5,  gage  height,  3*70  feet;  discharga*  4,115  seocmd-fe<?L 
M»y  1%,  gage  height,  5pT0  feet;  discharge  VA^A22  seicond-feet. 
June  12p  g»ge  heights  5.85  feet;  discharge,  H,74(S  second- feet. 
Jniie26,  gage  htnght,  S,85  feet;  discharge,  30,855  second-feet 
JiUy  13,  gage  height,  5,G7  feet;  discharge,  10,784  second-feet 
Beptember  2,  gage  height,  1  foot:  discharge,  3;i0  aet.-Qnd-feet 


Daily  gagv  fmighi^  in  feet ^  uf  North  FkUte  Rivtn'  at  Orin  Junclion^  Wyoming  Ji^  i 
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4.45 
4.g& 

4.(11 

3,70 

&.:& 

a  16 
&.:& 

6.10 
ft.  75 

^.m 

IS>5S 
ft.  86 
11  Ofi 
r.  Ifj  , 

11  a") 
rt.  \r, 

«.  40 

0.40 
"tt.40 

0.15 

5.S5 
5.75  1 

"Ua5 

6.16 

Lea 
Lm 
Lm 

Ln 

4,4fi 

4.30 
L06 
3.H6 

"'^73 
'A.  Vii 
3Jjf) 
:i4,'i 
3.^ 
3IJ6 

3.  ai 

ana 

3. 75 
f.73 

£.03 
SS45 

1* 

H0 

1.83 

l.«U 

"Too 
I.  no 

l.f.3 
L4.i 

1  ;« 
1  :si 

I.IIJ 

■.« 

.H5 
.95 

'""."bo 

m 

Lm 

Lm 
Lm 

105 
l.5» 
l.4f* 

J.IJf* 
I.Ol» 
MM^ 

"l'oo 

1,00 
1.00 
J. 00 

.m 
m 

LOB 
LIS 
LOS 

Lm 
Lm 

1,71) 
LTD 

Lie 

ffiO" 

LflO 

,...-.  ..1 

* 

4.  AS 

ILUO 

-...«, 

.«..  . 

3.a& 

».4S 

aB5 

4JJi 
4.3U 
4.  SO 

6,75 

6.116 
a  OS 

&.sn 

ft.TS 
ft.  55 

li.irj 

(5.10 

LiO 

ICD 

6  46 

U 

4.4& 

lm. 

"Lao 

"toT 

la..... 

lA 

It.  ... 

4.7i> 

i,lU 
S.»5 

li..». 
ISJ-  ... 

JklO 

loo. 

an 

m 



i.ao 

1««. 

33  _„ 

!5t  .       . 

as 
;3ti 

"i.m 

1.115 

4  art 

4.J*» 

cm 

LSCjL 

L5wi. 

Li^i   -       - 

SI    .- 

"fi.'ts 

L75 

Lra 

"i;^ 

..^ 

NOKTH   PLATTE   RIV'ER    .\T   GERINti,    NEBRASKA. 

TluH  rivt'T  dotm  injl  n'C(^iv4>  jiiiy  Irihularies  of  hup4>rlaiKM-^  aftor  \nvr-^- 
iiig  into  Ni^hraska.  A  iimiilH^r  uf  i-humIs  divt^rl  water  in*! ween  lln' 
Stale  line  aihl  North  i*Uifte,  Jit  llie  junetion  of  the  Nortli  iiiid  South 
Platte  riverH,  tuid  because  of  the  iKHiiiiereaso  of  the  flow  i'nmi  iitt- 
port  ail  t  trihiit.arioii  the  wattu"  is  eonstaatly  beiiijt,^  reduced.  A  ^a^ins? 
station  \va8  e^slnblishofl  at  Uerin^^  Nebraska,  May  ^^*,  lS!*7,  aiul  i?? 
kM^ated  at  the  hi<;lnvay  bridy;*^  iil  thi^  iioinl.  'I'he  rod  in  fa^teni^l  lo 
oue  of  the  bridge  piles.  The  beutih  mark  is  the  huad  of  a  iiEiil  ou 
lop  of  the  west  end  t>f  thi^  lir^t.  eap  at  the  soiOli  i4id  <^f  ihe  brid^^e,  ami 
is  tiJil  feet  above  gage  datiinu  The  results  iif  disehaigt*  inea^uiv- 
inentH  are  shown  as  follows:  l^^Jl^  Niui*t4.^enth  Annual  Report,  Part 
IV,  i>age  :30S;  180R,  Twentieth  Annual  Report,  I^art  TV,  pajje  1^*17. 
Tlie  following  ilibchHrge  inoiisu remeuts  were  .made  hy  li.  H,   Willis 
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MeawremenU  of  Narih  Platte  Biver  at  Gtring,  NOmuka. 


Dmti^ 


Act. 

1.44 
2.10 

t.m 

2,10 
&flO 
2. 70 
2:110 

ano 
asfi 


3i'w4 

S,rm 
iLoye 

t£.»tS 
1S,S7 

aa;.4T3 


JqIt  i  . 
July  11 
jQlT  U 
JftlySft 
AllfflO 

aept.21 

Sept.ao 


aa» 
I.m 

1.4H 
l.lt6 


i2;na 
e,i» 

3LUQ 

sw 

fl57 


age  height,  in  feet,  of  North  Platte  River  at  Gering,  Nebraaka,  for  IS99. 


Oct 


Day. 

Apr. 

May. 

June. 

Jnly. 

Ang. 

Sept 

2.36 
2.37 
3.35 
2.10 
2.00 
1.H5 
1.80 
1.75 
1.73 
1.70 
1.08 
1.M 

2. 00 
2.26 
2.40 
2.60 
2.76 
2.80 
2.86 
2.87 
2.87 
a  10 
2.86 

aa5 

2.48 

a4i 

£48 

afis 

2.70 

aTO 

an 
a  66 
a  61 
a  60 
a  72 
a  10 
auD 
a  83 
a  73 
a  60 
a68 
aoo 
a9o 
aoo 
a2D 
a  26 
a  15 
aoo 
a95 
aoo 
a  05 
a  20 
a27 
am 
a55 
aso 
a3D 
a27 
a26 

a  30 
a  15 
a  10 
a  07 
a  10 
ao5 
aoo 
a  95 
a  87 
a70 
a75 
a08 
a65 
a46 
a45 
a44 
a  42 
a  37 
a  80 
a  25 
ai3 
a  06 
aoo 
aoo 

1.95 
1.90 
1.85 
l.Hl 
1.77 
1.67 
1.67 

1.66 
1.70 
1.75 
1.70 
1.58 
1.55 
1.51 
1.47 
1.48 
1.53 
1.47 
1.50 
1.48 
1.87 
1.36 
1.43 
1.40 
1.87 
1.36 
1.82 
1.2S 
1.23 
1.23 
1.20 
1.20 
1.10 
1.10 
1.10 
1.13 
1.10 
l.(J7 

1.05 

1.03 

1.00  . 

I. OS  1 

l.Ot  1 

1.01 

1.01  '. 

i.a)  ■ 

1.00  '• 

1.48 
1.41 
1.68 
1.85 
2.22 
2.42 
2.51 
2.  SB 
2.38 
2.43 
2.20 
2.21 
2.08 
1.82 
l.W 
1.88 
1.98 
2.12 
2.40 
2.30 
2.37 

1.00 

i.tn  ! 

1.00 

1.00 

.95 

.95 

1.00 

.98 

1.00 

1.00 

1.06 

1.06 

.98 

1.U8 

1.03 

.98 

.98 

I.m 

.98 
.91 
.90 

0.98 

.95 

.95 

.96 

.95 

.95 

.96 

.96 

.96 

.97 

1.00 

1.07 

1.(17 

1.06 

1.(17 

1.01 

1.10 

1.02 

1.16 

1.20 

1.28 

1.25 

1.87 

1.28 

1.23 

1.28 

1.27 

1.30 

i.ao 

1.30 
1.30 


CnoHCKl  for  winter  O'tolior  31. 


NORTH   PLATTE  RIVER   AT  CAMP   CLARKE,  NEBRASKA. 

•d  ga^ng  station  on  this  river  is  locat^Kl  at  the  bridge*  at  Camp 
Nebraska,  and  was  established  on  June  27,  1800.  The  nxl 
of  an  oak  timber  2  by  4  inches,  10  feet  long,  fastened  to  cross- 
eh  are  bedded  in  the  l>ank  of  the  river.  Bench  mark  No.  1 
of  a  spike  driven  horizontally  in  the  northeast  side  of  the 
earn  pile  of  the  bent  at  the  north  end  of  the  first  truss  span, 
»uth  end  of  the  bridge,  and  is  7.55  feet  above  gage  datum, 
lark  No.  2  is  a  point  on  the  southeast  comer  of  the  window 
he  front  of  the  store,  and  is  0.74  feet  above  the  zero  of  the 
Phe  results  of  measurements  may  be  found  as  follows:  1896, 
ath  Annual  Report,  Part  IV,  piige   154;   1897,  Nineteenth 


^Aumml  Report,  Part  IV,  page  3W;  1808,  Tweiitfetli  Annual  ReiKirt, 
Pari  l\\  pagt?  268.  Thf  following  ilischarge  nieiiBureiiiaQts  were  nuide 
byB,  H.  WUliniu  189**: 
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Measurernejits  of  North  Platte  JHmr  at  Camp  Clorke,  Acforo^fccr, 


D^tB. 


Apr.  U 

niiya 

M»f  17,-,.-., 

May  iff 

June  8 , 

Jao«34 , 

Juno^ 

JlllyS 

Jtilyl3,-„. 


a.4& 

fl.4l 

442  ! 
44& 
5.0g 
5.0O 
4  7ft 

4;ft 


Mre,~Utt 


a,4 


(1,04(1 

i:£.4ue 

Ifi,fl(l7 
lji,a37 

lH.7tifi 


Dftte, 


law. 

jtilySO .,. 

JiilyS9„« ,- 

Atiff.  5 _.„„„„.. 
Atig^.  1^,,, ,.,*-«, 

Anff.l9. ..- 

Aug.  a «. 

Sout.  5 .._.,_.. 

Bept  U,... -*..>«. 

BeptiS 

Sept.  SB , 

OcLl9 


0««e 

D!fr 

balffht. 

dfurB» 

ftrL 

J^^/rW 

SwST 

i^JSI 

an 

4741 

&n 

4im 

X^ttS 

a,^ 

&«t 

2.3110 

sli« 

Ufse 

t.ia 

eir. 

i.Ofi 

it'* 

&I& 

7M 

£.1U 

l«9 

2,18 

Lun 

gage  height^  in  feet^  of  North  Hatt^  River  at  Camp  Olariee^  NdtroMka,  fifr 

tS99, 


k 

Dmr 

Apr. 

M*y. 

lone. 

Jtily. 

Ang, 

8epi. 

Oct. 

3.m 
n.w 

3.M 
3,30 
2  80 
2.m 

2.flO 

2.::* 

^,!57 
3.  ft* 

am 

if.  10 
3.40 

3.ai 

3.7* 
3.«7 
4fW 
4JW 

4  JO 
4  IB 
a^Ti 
3.?ri 

n.m 

411 

4  IS 
4  IS 
410 
4(11 
422 
440 
43li 
486 
4.21 
4.02 
3,07 
L  (rj 
4  irH 
4.:£ 
4  4-^ 
4.4« 
4^ 
410 

VA 

4.WI 
4  1*5 

ri.* 
S,:fi 

fi-tio 
fi.fJO 

4sCi 
4.  Hi"* 

481 
4© 

485 

4ea 

480 

tS 

450 
4  45 

4.4fJ 
4.25 
4.14 
4211 
UV 

(fi) 
4.00 

ii.  m 

y.  4^4 

3,07 

2.0:4 

,M4 

a.  88 
g,ae 
3.10 

3,60 

2,88 

g.flO 
B.84 
3,TS 
2.Wj 

3,fl8 
2.W1 
:'.7* 

2.tf4 
Z^ 
±7' 
2.71^ 

^.(^ 

2  m 
sit* 
2.rii* 

2.;i.s 

2.4++ 
2  47 

2.4>i 
a.  47 
2,.TI> 

£88 

S.OO 
3.00 
2.11 
S.W 
2.IW 
8.10 
8.12 
2  Id 
:5  11 
i  -12 

2  l-j 

;i  i;i 

2  1.5 
2,17 
2.1H 
2.S1 
^  21 

2  LN 
2  IH 
2  22 
2  W 
2.^tfl 

2  :;j 

2.31 

)im 

222 

3.  Si 

..,,,, 

»,3S 

ta 

S.1S 

111 

2  2* 

2.:fS 

T          .         .- 

'*i!"irnir'!"'"!"i 

"    i5a 

ItBO 
3.  its 
2.0T 
S.(l» 
*.5» 
B.5fi 
2.M 

3.:!i» 
aTfl 

S,7P 

3.riw 
B.m 

3.65 

;i4;s 

3.16 
3.08 
t*.06 

a.G5 

3.76 

::::„;-.:: -. 

g  ™"  ■■- — 

10„„„, 

11...... ,.,..„___ 

1» 

13.. ._.-.-.. 

U 

15 

ie.„._.........  ....... 

IT.,- 

la -.  . 

ia._„,. 

so.- 

81.-,., 

22         .           „ , 

±^ 

2,2^ 
Si  41' 

;g  . . .__. 

S .__: 

as,,,, ,,-.....  .. 

» ,-.,,„., 

^... ...  - 

»#....,-.._-. .— -. 

3tt^_ . 

--^-- 

30 ,,. 

<]1              ...  ....... 

r : 

DJM^utluutid  October  .H.. 


ti  Bridi^o  out. 


/Kf>il  mnt, 


NORTH   PLATTE    RIVER   AT   NORTH   PLATrE,    NEBRASKA, 

Tlio  lowoat  ^Airing  statioTi  on  tliLs  riv*^r  i.s  loratorl  mi  tin-  wagon 
T)H<lfre  Jili  Nf>r11i  Philtcv  Nolu-nskn,  ami  was  t'rtlalilishi^d  hi  ls:)-i,  [(  is 
3-rMnilo8  al>ov('  Mic  junct.ion  of  1ln^Sinilh  IMallf' Ri\"ri',  Th<^  hriilp- 
is  a  Inii^,  \t}\\%  pilr  1  iridic,  luiviiig  0^3  span*s  uf  aijpro.vimately  2n  jWt 
eat'li,  (^njssiii^^  111**  niahi  oliarnic]  <tf  11m^  riv**r.  N^>rt}i  nf  tins  isam^llfr 
briilg*.*  fU'dSHiiif^f  a  sloiiglu  tliroii^li  wliicli  no  watrr  pa.ssi'.s,  jiowwi^r, 
except  in  tinu*  it['i\no(\.     Th^i  *;^ay;^>  voil  is  at.  t.lu>  railnjiul  hrid«^4*  1'  ank^ 


NEBRASKA. 
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below  the  wagon  bridge.  The  zero  is  12  feet  below  the  top  and  imme 
diately  under  the  east  rail  of  the  track.  The  results  of  measurements 
may  be  found  iis  follows:  1896,  Eighteenth  Annual  Report,  Part  IV, 
page  158;  1897,  Nineteenth  Annual  Report,  Part  IV,  page  309;  1898, 
Twentieth  Annual  Report,  Part  IV,  page  260.  The  following  dis- 
charge measurements  wore  made  by  Glenn  E.  Smith  and  Charles  P. 
Ross  during  1899: 

Medsnrements  of  North  Platte  Rit^r  at  North  Platte,  Nebraska, 


Dato. 


1889. 

Apr.  19 

May6 

May2S 

Judo  A 

Jnne  13 

Juno  19 


Gage 

leiirht. 


heii;] 


Feet. 
3.30 
3.00 
3.80 
3.00 
3.60 
4.30 


Dlft- 
char^. 


Ser.-feef. 
9,111 
H.239 
15, 902  ! 
13.310  1 
11,330  I 
l«,257 


Dato. 


1K99. 


Jnly  17  . 
Aufir.8  .. 
Auk.  28  - 
Sept.  15 . 
Oct. 4  ... 


Dia- 
charge. 


Sec-feet. 

10.351 

4,637 

2.013 

976 

713 


DaHy  gage  height,  in  feet,  of  North  Platte  Rii*erat  A^orth  Platte,  Nebraska,  for  1899, 


Day. 


1 
2 
3 
4 
ft 

e 

7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
10 

an 

21 

25 
:» 
27 
I» 
29 

:«) 

31 


Jan.  !  Feb.     Mar.    Apr.     May 


2.70 

2.70 

2.70 

2.70 

2.70  i 

2.70  i 

2.70  i 

2.70 

2.70 

2.70 

2.70 

2.70 

2.70 

2.70 

2.70 

2.70 

2.70 

2.70 

2.8r) 

2.  HO 

2.  HO 

2.W 

2.Hl» 

2.80 

3.0i> 

3.a) 

3.00 

3.00 

3.00  i 

3.00 

3.UI)    , 


3.00 
3.00 
3.00 

3.ai 

3.00 
3.00 
3.00 
3.00 
3.00 
3.U0 
3.00 
3.00 
8.00 
3.(0 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3. 00 
3.00 
3.00 
3.00 
3.fJ0 
3.00 


::::::i 


3.00 

3.00 

8.00 

8.00 

3.00 

3.00 

3.00 

3.00 

3.00 

3.10 

3.10 

3.10 

3.10 

3.10 

3.10 

3.10 

3.00  I 

2.80 

2.80 

2.80 

S.TiO 

2.80 

2.80 

3.05 

2.90 

2.«i0 

2.m 

2.  Tx) 
2.50 
2.55 
2.ri0 


2.30 

2.10 

2.80 

2.70 

2.00 

2.80 

2.85 

2.55 

2.50 

2.50 

2.50 

2.60 

2.6& 

2.60 

2.45 

2.»J 

3.25 

8.30 

3.35 

3.44) 

3.30 

3. 10 

3.10 

3.10 

3.00 

2.<N) 

3.00 

3.(H» 

3.00  i 

3. 10  : 


3.50 

8.50 

3.40 

3.25 

3.15 

3.(V) 

3.00 

3.25 

3.15 

2.80 

2.75 

2.0f» 

2.«) 

2.50 

2.  HO 

2.65, 

2  85 

3.05! 

3.05 

3.40 

3.60 

3. 75 

3. 75 

3.80 

3.70 

3.80 

3. 85 

3.W» 

3. 75 

3.50 

3.50 


3.55 
3.70 
3.80 
3.80 
3.70 
3.60 
3.(» 
3.80 
3.90 
3.90 
3.W> 
3.75 
3.(» 
3.55 
8.60 
3.70 
3.95 
4.(X) 
4.30 
4. 15 
3.95 
3.85 
3.90 
3.85 
4. 15 
4.:)0 
4  45 
4.40 

i.m 


July. 


4.10 
4.20 
4.15 
4.10 
4.10 
4.10 
4.00 
4.00 
4.00 
4.00 
3.90 
3.65 
3.(!0 
3.tJ0 
3.55 
3.40 
3.30 
3.20 
3.25 

3.:«» 
3.:«) 

3. 15 
3. 00 
2.  Ji5 
2. 811 
2.80 
2.K5 
2.70 
2.70 
2.55 


Auk. 

Sept. 

Oct. 

Nov. 

Dec. 

2.60 

1.90 

1.55 

1.90 

2.10 

2.70 

1.80 

1.60 

2.00 

8.10 

2.70 

1.80 

1.60 

2.00 

2.06 

2.80 

1.80 

1.70 

2.06 

8.06 

2.80 

1.65 

1.70 

2.10 

2.80 

2.70 

1.65 

1.70 

2.15 

2.60 

2.65 

1.70 

1.70 

2.10 

2.60 

2.60 

1.70 

1.60 

2.10 

8.60 

2.50 

l.») 

1.60 

2.10 

2.40 

2.40 

1.66 

1.60 

2.10 

2.40 

2.30 

1.60 

1.60 

2.10 

2.40 

2.30 

1.60 

1.70 

2.10 

2.40 

2.35 

1.60 

1.70 

2.00 

2.40 

2.50 

1.60 

1.65 

2.00 

2.40 

2.50 

1.55 

1.80 

2.05 

2.40 

2.40 

1.50 

1.80 

2. 10 

2.40 

2.35 

1.50 

1.80 

2.(fi 

2.40 

2.40 

1.50 

1.80 

2.00 

2.40 

2.30 

1.50 

1.80 

2.10 

2.40 

2.:io 

1.50 

1.80 

2.10 

2.40 

2.3r> 

1.1)0 

1.80 

2.20 

2.40 

2.00 

1.60 

1.80 

2.20 

2.40 

2.00 

1.50 

1.80 

2.10 

2.40 

1.90 

l..'iO 

1.8<) 

2.10 

2.45 

l.JK) 

l.ry» 

1.80 

2.10 

2.55 

1.90 

l.fiO 

1.90 

2.10 

2.70 

1.90 

l.«» 

2.00 

2.10 

2.70 

1.85 

l.;V> 

li.OO 

2.20 

2.70 

1.75 

nyi) 

2.00 

2.10 

2.70 

l.(W> 

1.60 

2.  Ot) 

2.10 

2.70 

1.75 

1.95 

2.65 

SOUTH  PLATTE   RIVER. 

The  hea<l water  tributaries  of  thiw  stream  have  their  sources  in  the 
high  mounUiin  x)eaks  suri-ounding  the  basin  known  as  South  Park. 
The  average  elevation  of  the  valley  is  8,(K)0  feet,  while  the  peaks 
attain  an  elevation  of  13,000  feet.  Consi<leral)le  irrigation  is  prac- 
ticed on  a  small  scale,  but  principally  for  forage  crops,  as  on  account 
of  the  high  altitude  only  the  hardier  product*  can  be  raised.     The 
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rHtroiima  haVB  a  gGneritl  itortluTly  dh'cctioTi,  and  upon  issuing  from  t 
Uiuuntaiuous  ivrpa  the  waU?r  ih  quickly  appmpriated  by  the  largre  irn- 
pMtiou  entorpriiies  serving  Uuid  on  lioth  ^Idm  of  thti  South  PUtti* 
Bivpr  in  tho  \nciiiity  of  Denver.  A  number  of  smaller  streams  rising 
on  the  ciiastjern  slope  of  tho  Rocky  MouiitaiuB  drain  easterly  into  th* 
JBoutli  Platte  River.  The  prineiiml  triljutaries  are— in  order  dowiv 
Btfeam— 'Hear  Ci'oek,  Clear  Creek,  South  Honlder  Creek,  Boulch^r 
iCfeak}  Bt,  Vrain  Creek^  Big  Thorn |>3on  Creek,  aud  Cache  la  Pouiirr 
River,  Gag'ing  stations  have  l^oen  inaintaineti  on  thorn  also  as  wc?ll 
as  one  at  I^ake  Cbeesman  on  the  South  Fork  of  South  Platte,  and  ont^ 
on  Gooae  Creek,  which  almi  contributes  t4)  the  supply  of  the  proposed 
reservoir*  The  next  one  downstn^am  on  the  main  river  is  at  Platta 
Canyon,  thp  third  one  at  Denverj  and  the  lower  one  at  Orchard ^ 
Colorado  J.  Besides  the  meatsui^emonte  of  discharge  *\t  regular  Rtatious 
a  numlM>r  of  others  have  boon  niacin  in  this  basin  during  1899,  as  fol- 
lows: April  14  a  measurement  of  the  Iligh-Une  dit-ch  in  the  Soutli 
-Platte,  at  a  gage  height  of  1,20  feet,  showed  a  discharge  of  98  second* 
feet.  On  July  28  the  same  e^nat  was  measured  twice,  the  fii-st  time 
at  a  gage  height  of  3,25  feet,  showing  a  diHchai-gi^  of  432  sec^^nd-ft^tj 
the  second  ttino  at  a  ^age  height  of  tl  feet,  with  a  discharge  of  'M^ 
geeond-feet.  f>n  the  same  day  also  the  South  Platte  Rivi»r  was  dis- 
charging over  the  High-Hifce  dam,  at  a  gage  height  of  0.50  foot,  73 
second -feet.  Septc^nber  14^  South  Platte  Rtvtn',  at  Julesbur;r,  was 
carrying  2  wetumd-feet.  f)ctolKO'  4  the  river  at  the  dam  of  the  Iligb- 
line  canal,  at  n  gage  hi'ight  of  0.1  :i  foot,  was  discharging  12  seeond- 
feet. 

A  notable  storaico  proposition  on  wliieli  work  was  proseent4Ml  dnrinir 
the  i)ast  season  is  that  of  the  dam  of  Lake  Cheesnian,  which  is  lacatcd 
on  the  Soutli  Fork  of  South  Platte  River,  below  the  moutli  of  (toosc 
CnH'k.  The  (lain,  winch  is  partially  completed,  will  be  21o  feet  ]\\ix\\. 
Itslciii^th  at  its  bas(^  is  only  20  foci  and  at  the  top  it  will  be  520  feet. 
Th(»  al)Utnients  are  solid  granite.  Tlu^  main  tunnel  for  diverting  the 
flow  dnring  the  course  of  the  construction  of  the  dam  is  now  com- 
pleted, and  work  is  now  progressing  on  two  subsidiary  tunnels.  l1io 
dam  is  to  be  rock  tilled  and  sttMd  jdate  faced.  The  capacity  of  the 
resei'V^oir  is  aVK)ut  00,000  acre-feet.  The  object  of  this  enterprise  is 
to  develop  electric  i)owei'  to  Ix^  nsed  in  the  city  of  Denver,  and  ;ilse 
to  fni-nish  a  water  supply  for  the  same  city. 

nOOSK   riiEEK    AT    LAKE    CHEESMAN,    COLORADO. 

The  station  on  this  creek,  a  tributary  of  South  l*latt<»  Kiver,  was 
establishe<l  August  I,  ISOl),  by  J.  A.  Runner,  assistant  engineer  el 
tlie  Denver  Union  Water  Company.  It  was  desired  to  obtain  tlie 
flow  of  the  South  Fork  of  South  Platte  River  at  this  point,  whei-e  tlu' 
construction  of  the  Clieesman  dam  has  been  In^ijun,  the  discharge  of 
Goose  Cre(^k  Ixung  added  to  the  South   F'ork  of  Soutli  Platte  to  givf 
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le  total  flow  at  thin  point  The  station  is  maintained  by  the  Denver 
Tnion  Water  Company.  All  discharge  measarements  for  1899  have 
een  made  by  means  of  floats.  This  station  is  to  be  considered  sim- 
ly  as  temporary,  as  it  will  be  necessary  to  move  it  farther  upstream 
hen  water  is  stored  in  the  reservoir.  The  following  discharge 
iciasurements  were  made  by  J.  A.  Rnnner  dnring  1899: 

September  8,  gage  height,  0.95  foot;  discharge,  34  second-feet. 
October  8,  gage  height;  0.84  foot;  discharge,  10  second-feet. 
Novemlier  19,  gage  height,  0.73  foot;  discharge,  8  second-feet. 
Deceml)er  3,  gage  height,  0.76  foot;  discharge,  9  second-feet. 

OaQy  gage  height,  in  feet,  of  Ooose-CreeJe  at  Lake  Cheesman,  Colorado,  for  1899, 
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DX7TH  FORK  OF  SOUTH  PLATTE  RIVER  AT  LAKE  CHBESMAN,  COLORADO. 

This  station  was  established  Jnly  31, 1809,  and  has  been  maintained 
Ince  that  time  by  the  Denver  Union  Water  Company,  J.  A.  Ran- 
er,  assistant  engineer,  making  the  discharge  measurements.  It  is 
xsated  above  the  month  of  Goose  Creek,  and  is  maintained  in  order 
9  determine  the  flow  available  for  Lake  Cheesman.  The  discharge 
ere  shonld  be  added  to  the  discharge  of  Goose  Creek,  as  the  dam 
or  this  reservoir  is  located  l>elow  the  mouth  of  the  latter  tribu- 
ary.  It  will  be  necessary  in  this  case,  as  in  the  preceding  one,  to 
lOve  the  station  ui)stream  when  wat/cr  has  been  stored  in  the  reser- 
oir,  so  the  station  can  be  considered  merely  as  a  temporary  one.  It 
)  the  intention  that  both  the  inflow  and  the  discharge  f  i*om  the  reser- 
oir  shall  be  accurately  measured  after  the  storage  has  begun.  The 
allowing  measurements  of  discharge  were  made  by  J.  A.  Runner  by 
leans  of  floats  in  1899: 

Jnly  31,  gage  height,  3.62  feet;  discharge,  806  second-feet. 
September  8,  gage  height,  1.45  feet;  discharge,  184  second-feet. 
October  3,  gage  height,  1.23  feet;  discharge,  95  second-feet. 
November  19,  gage  height,  1.30  feet;  discharge,  107  second-feet. 
December  8,  gage  height,  1.24  feet;  discharge,  97  second-feet 


VmUm  Wflt#e  Cif  aipfy  tws  ^oopCTSCkiw  w^  this  Sftrrtj  W30  ma 
aata  April  1,  »ia  Tfe  0tmi«m  m  bcmrf  «t  *  pocot  atraat  f 
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ftxtUMWi  IbU)ivw4,  TW  rod  m  mm  in^m^d  f  b^  ^  timber  on  the  right- 
huwl  i*d<»  of  tJi*  fftTVAA,  a»tlu!d  witfc  tiiJii  aaOs.  The  bendi  m^ik 
li  A  pfiflit  ebliKliil  in  *  d^de  jmit  aotstb  df  tbe  Denver  Uniaii  WaU? 
Vjtmttmny'n  frlfv*  Iiai%  iio4  li^  fe«t  ««ttli  of  the  sero  point  of  sonnditip 
fill  ih/^  h  rid  iff.  It  in  uti  ;i  (rninitn  rr^fok  an«l  is  I''*  fiF^*l  abi*ve  srag^ 
fJnliiUt,  M*'a«inrr*fiii'fit^  'if  *lt^'h^r2i-  nn-  in  at  If  fr»>in  the  fricitbriii^'ip 
rYifiiitf!j/'***d  liv  Hif*  iuu\t*r  f*riM#n  WivTer  i  *im]iaii.v.  Th^-  cltaniK^lnf 
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Ut  miki*'rUi\  *')mni***;  hot  ilurin^  a  ff*?fih*»t  of  fMin-sid arable  size  erositm 
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iif  A,  [,.  l^^**lluwH  dinirm  ISDfh 

AprtI  1 1,  |Hm»,  Kfigi*  Ki^ijjflit.,  1.8  feet;  tlisobarge,  550  socond-feet. 
Mny  H,  iHini^  K^Kik  lu^iidit*  l.r*  fot't;  iliHchnrgi^,  TjilO  fleconil-fi>t»r. 
JniM<  UK  IWIU,  grtgo  hnight.  ^iJ-i  feet;  dificharge,  1,127  set'oiid'fc4?t. 
,\H]y  V'H,  (Mint,  jran^*  ln*ii^t»t,  L!^  ftM^\\  clif^charge,  n:W  second- fear 
I  ii'lnln>r  t,  IMUI).  ^iiut'  lh'l«lit.  (hi  fivit:  fli&cUarije.  1 JG  secuml-ftet. 
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gagelieight^  infeei^  of  South  Platte  River  at  Platte  Canyon^  ColoradOyfor 

1899, 
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SOUTH  PLATTE  RIVER  AT  DENVER,  COLORADO. 

1^  gaging  station  at  this  point,  cstablishe<l  July  15, 1895,  is  located 
3  Fifteenth  street  bridge  in  the  city  of  Denver,  immediately  below 
louth  of  Cherry  Creek.  The  rod  at  present  used  is  fastene<l  to  a 
in  the  left  bank  of  the  river  and  graduated  to  vertical  foot  and 
s.  The  bench  mark  is  a  cross  on  top  of  oast  abutin<Mit  of  the 
ftnth  street  bridge  on  the  north  corner,  and  is  15.15  foot  above 
datum.  The  river  is  confined  l)etweeii  slag  ombankiiients,  and 
ed,  although  sand^'  and  shifting,  did  not  materially  (*hange  dur- 
800.  Mr.  W.  J.  Southland,  wat<»r  (•ommissioner  4)f  C-olormlo 
ition  District  No.  2,  cooperated  with  this  survey  in  furnishing 
age  readings,  which  are  also  transmitted  to  the  I'nited  States 
,her  Bureau,  and  publish(»d  each  day  in  the  Denver  daily  paper's, 
itation  is  an  important  one,  and  it  is  fortunate  that  it  can  so 
r  be  reachcHl  and  discharg<»  measurements  made  without  gi'eat 
ise.  Results  of  measurements  maybe  found  as  follows:  180(5, 
.eenth  Annual  ll(?port,  Part  IV,  page  1^»5;  1807,  Nineteenth 
lal  Report,  Part.  IV,  page  313;  1808,  Twentieth  Annual  Rep4)rt, 
IV,  page  270.  The  following  measurements  4)f  4lis<*harg<»  were 
by  A.  L.  Fellows  in  1800: 

April  12,  gage  height,  6.0  feet;  discharge,  423  second-l'eot. 
Biay  11,  gage  height,  6.03  feet;  discharge,  355  second- feet. 
Jnne  12,  gage  height,  6.2  foet;  discharge,  764  second*  feet. 
Jnly  27,  gage  height,  5.32  feet;  discharge,  213  second-feet. 
Angnst  4,  gage  height,  6.03  feet;  discharge,  1,200  seoond-feet. 
September  6,  gage  height,  5.95  feet:  diBcharge,  288  Mcondrte^ 
October  />.  gage  height,  5.1  feet:  diacharge,  \W)  «ecicm!QL-l«bt. 
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ikiUu  iifOff^  height^  in  fmi^  of  8tmih  Platte  Ei^mr  at  Ihnver^  Cotorutiot  for  ts^. 
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fl.S 

e.6& 

0.10 

ftflfi 

6.80 

5.15 

6,5^ 

6.S 

18-   ... 

4  no 

«,W 

«.I0 

e.35 

6.» 

«fl& 

&45 

fi.«5 

6.76 

5.  OS 

h.m 

5.ai 

»,-.. 

l.«0 

B.:il 

e.ifi 

A« 

AOB 

0.05 

Afll> 

&§5 

5.15 

5,15 

5,45 

5.® 

».--,, 

4.W 

a.«i 

Aai 

cm 

aa» 

«.« 

IL30 

&i3 

5.1V) 

5.ao 

6.70 

IS 

3::::: 

4.M1 

«.(» 

ttni 

&.«& 

AOO 

MO 

B.SL* 

IL06 

6.70 

a,  10 

5.« 

A.S 

4  7t» 

11111 

«,s» 

S.M 

«.vo 

Mil 

<too 

0.08 

6.05 

5,15 

6,7S 

5.fi 

,   »,,... 

4.m 

fi:^* 

«.0& 

(.Vfi 

£,H0 

<LeU 

Km 

fivKl 

5. 00 

5.35 

5,70 

6wW 

!  it,.^. 

i.;w 

«.M 

•.00 

a.  00 

&.W 

O.«0 

hM 

5.«a 

5,30 

5.31) 

aTO 

bM 

i.m 

A.liO 

&io 

ins 

&.«0 

6.W 

aTo 

iv«6 

5.00 

5u30 

5.ft> 

%.m 

5 ^  ^._, 

iJNP 

(i.ao 

5.a& 

«^U) 

IMfi 

A.  70 

&.« 

5.  IS 

6.  OP 

6.ao 

4«& 

%.^ 

S-,-- 

VW 

&i«t 

•.OS 

n,)s 

«.m 

«.6S 

asi» 

«.« 

5lO0 

5.ao 

&.«& 

6,S 

lt|::::: 

4  7V 

a» 

i.]o 

0  05 

&.«6 

e.n£ 

%m 

6,75 

5.«S, 

6,  £5 

S.70 

6» 

4.  an 

ISJ 

5.95 

1^1 

e.40 

aa> 

&W 

i&ol 

6.U 

5.tB 

5.*) 

*.«! 

,, 

(LIS 

hMi 

&,1C 

fLm 

SJi» 

ft^iO 

5.30 

6.Si 

6,  SO 

6.3) 

a.  ... 

4.«] 

-  -— 

1L10 

i.J« 

Oio 

«.flD 

5.16 

5*0 

SOUTH   PLATTE  HtTKH  AT  ORCHAB]>,   COLORADO, 

This  Rtatioii,,  tm  the  loirer  Stmth  Platte  River,  is  lcK*-atje<l  oee-fourlh 
of  a  jnWir  soni  hwest  af  Orchanl,  4>ilora*la-     The  gage  is  vertical  and 

is  fastono<i  to  a  pile  of  tho  waijroTi  bridge.  Tho  iraire  ro<l  is  not  referml 
to  any  s;itisfactorv  hoMcli  mark,  and  e<>nsiM|uontly  whm  \\\o  pile  to 
\vhi<*h  iho  rod  was  naiU^l  was  raised  a  nnmln'r  <>f  t<'ntlis  by  ice  a1)0Ut 
March  17,  il  was  necessary  lliat  a  new  ratinjr  tabic  be  made  for 
observations  aftci*  iliat  »late.  Tlit*  left  bank  is  liiirli  and  the  rijxht 
low  and  liable  to  ovcrtlow.  The  IkmI  of  the  stream  is  sandy  and  shift 
inir,  altlionirh  the  section  did  not  materially  change  during  l^l'l'. 
The  results  ot  measurements  may  In:  found  as  follows:  IsIm;.  Kight- 
(HMith  Annual  Hcpori,  l\irt  IV,  page  1»'»»'. ;  is:«7,  Xinetcenth  Annual 
Hei>ort,  Part  IV,  page  U.^;  181»S,  Twentieth  Annual  Rei^ort,  I*art  IV. 
page  2l>.*>.  The  l^^llowing  measurements  of  discharge  wen'  made  ninlcr 
the  dinu'tion  of  A.  L.   Fellows  in  ls'.«l*: 

April  14,  gage  lu'ighr,  '^.2  ftvt;  <lischargo,  1,2-">S  second-feet. 
May  27,  gage  lioight.  '2.3  ftM?t:  discharge.  15s  second-feet. 
Septeralvr  12,  gagt^  htMglit.  2.0."»  feet:  discbarge.  ."»7  s(X"ond-feet. 
Neveuil>er  :{.  gage  height,  2. so  feet:  discharge.  »'»14  s*'eond-f»-t'i. 
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gage  heighty  in  feet  f  of  South  Piatte  Ru\'r  at  Orchard,  (^itltynula,  for  ISOiK 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jnne. 

July. 

Auff. 

Sept. 

ivt. 

Nov.  i 

Dw. 

4.50 

4.40 

5.00 

3.20 

3.31 

3.10 

:i.40 

2.  HO 

3.00 

2.30 

2.  HO 

3.(M 

4..T0 

4.40 

^5.00 

».3> 

3.30 

2.10 

3.45 

2.75 

2.U) 

2.31) 

2.  HO 

3.rt) 

4.311 

4.40 

5.00 

3.9) 

3. 10 

3.10 

a  70 

2.7«) 

1.90 

2.a) 

2.  HO 

3.(1) 

4.  Ml 

4.40 

5.(W 

3.ao 

3.10 

2.10 

3.W 

2.70 

1.90 

2.:*) 

2.  SO 

3.11) 

4.nl) 

4.4A» 

5.(1) 

3.3) 

3.10 

2.<i)  . 

4.3) 

2.00 

\.W 

2.:io 

2.  SO 

3.11) 

i.W 

4.40. 

5.11) 

3.30 

;i.u) 

3.UI 

4.(1) 

4.3) 

\.W 

2.:)o 

2.  HO 

3.00 

4.»l 

4.411 

4.«) 

3.3) 

3.(i) 

3.(1) 

3.H) 

4.3) 

l.JX) 

2.:«) 

2.  HO 

3.00 

4.41) 

4.441 

4.  Hi) 

3.3)  . 

lUV 

3.11) 

3.00 

4.U) 

l.tM) 

2.:*) 

2.  HO  ' 

3.00 

4.4<» 

4.41) 

4.50  . 

3.3)  ' 

3.(H)  1 

I.S«) 

4.31 

3.  SO 

l.W 

2.  .30 

2.85  ; 

3.(H) 

4.411 

4.40 

4.50 

3.3) 

3.H>  ■ 

1.110 

4.(1) 

3. 70 

1.90 

2.:k 

2.H.->  ' 

3.  (1) 

4.44» 

4.411 

4.nr) 

3.3) 

3.H) 

1  W) 

3.:VI 

3.40 

1.90 

2.40 

2.90 

3.(R) 

4.4<» 

4.4i> 

4.. TO 

3.3)  i 

3.h») 

l.?Ci 

3.3» 

3.3) 

1.90 

2.:-iO 

2.90 

3.00 

4.4*1 

4.45 

i.W 

3.30 

3.  .'51) 

l.W) 

3.0I 

3.3) 

1.90 

2.(50 

2.90  > 

3.3) 

4.4<t 

i.r^i 

4.  Til)  ! 

3.3) 

3..T<» 

3.UI 

3.10 

3.3) 

1.90 

2.70 

2.90 

3.3) 

4.4<) 

4.611 

4.il»  . 

3.3) 

3.50 

3.3) 

3.3) 

2.  70 

1.90 

2.  SO 

2.90 

3.3) 

4.40 

4.70 

I.(l»  : 

3.30 

s.rjii 

3.3) 

3.50 

2.(Vr» 

1.90 

2.  SO 

2.90 

3.3) 

i.m 

4. 7r, 

4.««» 

3.3) 

3.rin 

3.31 

3.  SO 

2.  «• 

1.90 

2.  SO 

2.95 

3.3) 

4  K) 

A.ft 

S..li» 

3.35 

3.:«» 

3.3» 

3.i)o 

2..'iO 

1.90 

2.  SO 

2.98 

3.3) 

4.4<i 

4.N) 

3.31 

3.3it 

3.311  ' 

3.3» 

4.(^1 

2.  40 

1.90 

2.  SO 

3.00  ; 

3.;«) 

4.40 

5.(10 

a.ai 

3.:«) 

3  3» 

3.3) 

3.70 

2.40 

1.5*5 

2.  SO 

3. (1)  ; 

3.40 

4.411 

5.01.) 

3.:ii»  ■ 

3.:M) 

3.3» 

3.»» 

3..af 

2.;v> 

l.J«5 

2.S«» 

3.  (HI 

3.(iO 

4.4i) 

5.  Ill 

:t.ai 

3.:«) 

2.3) 

1.411 

3.:*i 

2.:» 

2.00 

2.  SO 

3.(>» 

3.7t) 

4.4<) 

5.00 

3.  a) 

3.:J0 

2.31 

i.rm 

3.3» 

2.:io 

2.(«» 

2.NI 

3.110  ' 

3.  SO 

4.40 

5.»»» 

3  au 

3.»» 

2.3» 

4.  I'll) 

3.00 

2. 3) 

2. 10 

2.  SO 

3.00 

3.!«> 

4.40 

f».m 

3.15) 

3.:r» 

2.3» 

4.31 

2.W» 

2. 15 

2.10 

2.H) 

3.(1) 

3.!(0 

4.40 

.-..»«• 

:i.J» 

3.:{o 

2. 3)  ' 

4.10 

2.  K-> 

2. 10 

2.31 

2.  so 

3.(«) 

.1.90 

4.40 

.V«I0 

3.  *ji ; 

3.31) 

2. 31 

4.111) 

2.7(» 

2.00 

2.31 

2.  SO 

3.(11 

4.00 

4.4^1 

5.««> 

3.3) 

3.:{ii 

2.3) 

3.W) 

2.iio 

2.(»» 

2. 31 

2.  SO 

3.00 

4.(HI 

4.40 

3.3) 

3.3i> 

2.3) 

3.70 

2.iX) 

2.(1) 

2.:iO 

2.  SO 

3.(NI 

4.(0 

1    4.40 

3.30 

3.:« 

2.3» 

3.151) 

2.50 

2.00 

2.:«i 

2.  SO 

3.00 

4.(11 

4.4<J 

'■*i 

2.3)  . 

1 

2.  SO 

2.00 

2.  SO 

4.00 

water  diversions  from  this  stream  in  Colorado  are  so  extensive 
uring  the  slimmer  season  a  comparatively  insignifieant  flow 
i  Nebraska.  Measurements  of  the  South  Platte  wen^  made 
s  junction  with  the  North  Platt4^  On  April  ID,  ISDD,  Glenn  E. 
made  a  measuriMiient  from  the  wagon  bridge  south  of  the  town 
th  Platte,  and  fcmiid  thetot^il  width  to  be  1,21K)  feet,  wliile  the 
•ge  was  883  seeond-f(»et ;  on  May  0  I  ho  discharge  was  ^i\Ct  scH*ond- 
id  on  May  22,  88  seeond-feet.  At  this  time  th<*  water  was  flow- 
a  number  of  small  channels  scattered  across  the  sandy  l)ed. 
K'  ♦!  the  channel  was  dry. 

BEAK    CREEK   AT   MORRISON,  COLOUADO. 

Stream,  a  tributary  of  the  South  Plalle,  drains  a  portion  ol*  the 
I  sh)pe  of  llic  Rocky  Mountains  and  enters  the  main  stream  8 
boVe  Denver.  Tlie  station  is  located  in  the  upper  part  of  the 
f  Morrison.  The  pn'sent  station  was  establislied  April  HJ,  181)!), 
n  E.  Field,  State  engineer,  and  is  hK'ated  about  a  <[uar1er  of  a 
l>ove  the  railway  station.  The  gage  rod  consists  of  a  2  by  4 
jjlaced  v(frtically  and  markcMl  in  feet  and  tenths,  and  is  fas- 
o  the  upiK»r  side  of  the  dam  which  diverts  wat(»r  into  the  mains 
Denver  rnion  Water  Company.  At  the  height  of  4  feet  on  the 
^d  water  begins  to  flow  over  the  spillway,  making  a  marked 
[ice  in  the  rating  curve.  The  liench  mark  consists  of  the  toj) 
anit-c*  l)Owld<»r  alnnit  Um)  fec»t  alK)ve  the  rod  and  on  the  left-hand 
the  stn^am,  and  is  10.33  feet  alcove  gago  datum.  The  station 
lintained  during  the  year  through  cooperation  with  the  Denver 
Water  Company.     Previous  results  of  meaBViT^TCki^i^iXA  xaaj^S  \i«) 
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fi>und  HH  follows:  189r,,  Kiglit4?(fiith  Annual  Report,  Part  lY,  pa^  107^ 
1807,  Niiietwnth  Annual  Report,  Pari  IV,  page  317;  1898,  Tweutietii 
Annual  Rt*port,  Part  IV,  page  284.  The  following  discharge  mea§-J 
ureint*nt«  w»*re  made  under  the  direction  of  A.  L.  Fellows  during  181*9: 

A|>ril  15«  gage  height,  3.80  feet;  diechaTge,  64  second-feet. 

May  It,  gaga  height,  4,25  feet;  dbcbarge,  m  second-feet. 

June  IG,  gage  height,  4.3ofe©t:  difichar^^e,  1 07  second-feet 

August  5,  gage  height,  4,1*8  feet:  dist-harge,  19^2  second-feet. 

Noveiul>eF  14,  gage  height,  1.35  feet;  digcharge.  13  seoond-feet 


fkiUy  gagu  luiigMf 

f«/^, 

of  Bear  Orex^  at  Morrimn^  ColortMia,  for  1S9S, 

Day, 

Apr. 

M»T, 

June. 

July, 

Aug. 

Sept 

Oct 

1  •'**—--*■"■"""-" 

......... 

aaD 

3.S5 

AAb 

4,ro 

4.70 
4.?0 
4,65 

4.dO 

*.« 

4.4& 
4.^ 
4,S5 

4.^ 
4- Si 
4.rj 

4,S^i 

4Ah 
4.15 
4-15 

4.05 
4JJ6 

3.90 
4,80 
4/1& 
4,  SO 
4J5 
4,15 
4.30 
4- SO 

4.15 
4.1'i 
4.15 
4.1& 
4.36 
4,30 
4.SS 
4,SS 
4.15 
4, 15 

4.40 
4.4fi 
4.45 

4.20 
4,06 
4.^ 
4.90 
4.(]6 

ars 

3.65 

S.fl5 
LW 
4.^ 
4Ji) 
4.30 
4.50 
4.10 
4.00 
4.00 
3.Ba 
8.01) 
3.m 
11  75 

4.10 
4.1fi 

la^ 
5,ao 

5.  a* 
5.  €6 
4.1» 
t,1S 
4.65 
4.65 
4.55 
4.55 
4.45 
4.35 
4.25 
4.15 

4ai 

3,95 

3,75 
3,66 
3.45 

3.m 

3.35 
3.15 
3.115 
3.1^ 

g.75 

2.45 
a.  35 

ft.3& 

3,35 

i: ::::.::::::::":::::" 

6 

3  15   :      \  m  \ 

ji 

a.Nj 

t.66 
£.65 
S.55 
SL7D 
«.75 

tm 

».6(J 

g-75 

3L65 
2  60 
2,45 
£  45 
K.35 
£.25 
S  3> 
2,Jl 

i.«i 

l.*!U 

lit 
1.10 

rm 
1% 

e  1 1  .r_  "7."  i-"iir*rr,"i  i  ^ 

s.::::..::::..:™:":: 

■ 

|i — - — — 

'"" 

ig,,_ ^ .,„.,.„ 

ui  II  i!ii  II I  "I  iriiiii  III 

iflk. .«.  .     ........ 

4,30 
3.76 

i.tn 

*C6 

4.  Ifl 
1/10 

31  iri;ii;n"_\_.ii^,— 

fl8._ ....,..«>,,.. 

3*       .. ......... 

,35  ..,. ,---,  .  .- 

4.15    ,        iiTS 
4  15           a  7f» 

m .-.,- ..„.. 

a* .          .   . 

a  15 
a  lii 
Sin 

i.  (15 
4-05 
4,211 

:i75 
4,^ 
4.15 

at . . 

2,(i-i  ■   ,.-..:,*! 

aw, 

3L 

:iiii 

.*     x*....[ 

'     1 

„-_^,,...    ..       .  1 

ClofMtd  fijr  tht*  wiutor  Octobor  21. 


CL?:,AR   CREEK    AT    FURKSCKEEK,  COLnRAPn. 

Tfii^i  sln^aiii  nsi*s  on  llu*  cMstoni  slopt*  nf  tlit*  Rot'ky  MiHinTiun!^ 
aliin>Kti  ilih'^  Wi'st  of  [)riiv<:*r,  ninl  lUiws  iu  ^iu  ciisti'rly  din*<*1  inn,  vuli^r- 
iiig  tho  South  I'hitte  River  ij  nnlt*H  below  the  (*<^iiti*r  of  the  eityaf 
DonvcM'.  The  smiill  summer  flow  of  tliisstroain  18  t^nnipli'lcly  uiiliaHl 
for  irripLtion  purjKJSi's.  I'he  ;rr4^Mn;^f  .slut ion,  rstnUlislit'd  Uy  John  E. 
Field,  State  engineer,  Mareh  21),  1-S^i^i,  i.s  lijeated  at.  tin*  rnihvay  stjUiuo 
at  h't»fkst'nM.'k^  iin  tfie  Coh^railo  and  Sontliei'ii  Uiiihvay,  in  Clear  CnH-k 
Canyon,  just  hehjw  the  junction  of  the  N^irlli  and  Snutli  fork.s.  Tlio 
g^ay^e  eonsifsts  of  a  ^veight  fastened  lo  a  wire  runiiiag  ov^er  a  [>iilU'y 
fastened  t^>  a  rot^k  at  the  railway  8tatiim.  Bentdi  mark  No,  1  is  a 
point  on  the  timt>er  to  whicli  the  pulley  is  attaelied,  and  is  KS.oS  feet 
above  ^Jii^^'  datum.  Bench  mark  No.  L'  is  a  Kriinitc  point  -ISt.-^  ftM^t  eris^t 
of  1  he  tii'st  iHMieh  mark,  and  is  1o,4(j  feel  abovt^  pi|^^'  datum.  The  chau- 
in 'I  ts  rocky  and  not  liable  to  *%r\ov\ftehiiui^e.  The  walls  a  it  high  aii*l 
oi  Jhibh  to  overflow.     On  AprW  ^2V^  wi^i^auviimvaiaXfe  o^i  \\\\i  "Hi^tth  aiMi 


COLORADO. 


229 


onth  forks  were  made  separately  and  gave  43  second-feet  and  101 
econd-feet,  respectively.  The  following  discharge  measurements 
rere  made  under  the  direction  of  A.  L.  Fellows  during  1899: 

March  29,  gage  height,  1.50  feet;  discharge,  52  second-feet 
April  20,  gage  height,  2.10  feet;  discharge,  155  second-feet. 
May  10,  gage  height,  2.75  feet;  discharge,  365  second-feet. 
June  7,  gage  height,  3.70  feet;  dis(!harge,  779  second-feet. 
Angnst  12,  gage  height,  3.08  feet;  discharge,  449  seccnd-feot. 
November  15,  gage  height,  1.70  feet;  discbarge,  C7  second-feet. 

Daily  iJ^KJ^  heUjht,  infect,  of  Clear  Creek  at  ForkscreMk,  Colorado,  for  ISUO, 


Day. 

Apr. 

I.rt5 
1.75 
1.05 
l.tVi 
1.70 
1.55 
1.75 
1.70 
1.85 
1.U5 

2.  a) 

2.(6 
2.15 

2.au 

2.30 
2.30 
2.  ST) 
2. 15 
2. 10 
2.20 
2.30 
2.45 
2.50 
2.75 
2.90 
2.80 
2.K) 
2.30 
2.45 

May. 

2  55 
2.5<» 
2.50 
2.25 

2.  a-) 

2.40 

2.45 

2.45 

2.60 

2.85 

3.10 

3.5<» 

3. 75 

4.(W 

4.10 

4.25 

4.20 

4.35 

4.46 

la) 

(«) 

(a) 

(a) 

(a) 

(«) 

(a) 

UO 

(a) 

(a) 

(a) 

(a) 

Juuu. 

in) 

(a) 

(a) 

ia) 

in) 

(«) 

3. 70 

3.75 

3.W) 

3.>« 

3.00 

4. 15 

4.:*) 

4.40 
4.20 
4.25 
4.30 
4.46 
4.65 
4.70 
4.75 
4.70 
4.40 
4.40 
4.25 
4. 25 
4.15 
4.10 
4.10 
4.25 

July. 

4.45 
4.40 
4.30 
4.05 
4.00 
4.05 
4.00 
4.00 
3.»5 
3.90 
3. 75 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.60 
3.50 
3.50 
3.50 
8.50 
3.50 
3.40 
3.40 
3.40 
3.40 
3.40 
3.45 
3.40 
3.40 

AuK. 

3.:}5 
3.30 
3.35 
3.40 
3.55 
3.a5 
3.30 
3.3[» 
3. 25 
3. 15 
3. 10 
3.05 
3.00 
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SOUTH  BOULDER  CREEK  AT  MARSHALL,  UOU^RADO. 

This  stream,  tlie  next  one  of  iinportan<;(»  entering  below  Clear  Creek, 
is  measured  at  a  i>oint  about  3  miles  west  of  Marshall,  Colorado.  The 
gage  is  an  inelined  2  by  0  ineh  timber  fastened  to  a  tree  and  stakes 
driven  into  the  ;Lcroiind.  The  beneli  mark  is  a  stone  15  feet  west  of 
the  gage,  mark<»d  with  black  paint,  and  is  (I.JMJ  feet  above  ga^^e  datum. 
The  gage  was  verified  August  10,  ISiiO.  Two  ditches  divert  water  at 
points  alK>ve  the  stiition,  viz,  the  South  Boulder  and  Coal  Creek  ditch 
and  the  Community  ditch,  and  their  discharge  must  be  added  to  the 
discharge  as  found  at  the  station  to  determin(»  the  total  run-off  of  the 
basin.  May  (3  South  l^oiilder  and  Coal  Creek  ditch,  at  a  gage  height 
of  0.7  foot,  was  dischai^ging  7  sec(md-feet,  ami  on  the  same  date  Com- 
mnnity  ditch,  at  a  gage  height  of  2.25  feet,  was  carrying  35  second- 
feet.  C.  E.  Barber,  Langford,  Colorado,  is  the  observer.  Measure- 
ments are  usually  made  by  wading,  but  a  footbridge  near  by  eaiibft 
used  in  high  water.    UesuJrs  of  DicasureinoBlt^  \nay  \>^  lowix^  ^Ji^V^- 
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OPERATIONS   AT   RIVKB   8TATIOK8,  189U, — PABT   III.       UaU 


lowi^:  18^16,  Eight^nth  AnnuiU  Rt^Jort,  Pjirt  IV,  pimfe  169;  18i*7, 
Kiiiel-eoDth  Auuu^l  Report,  Part  IV,  piige  318;  18L*8,  Twentieth  Am* 
nual  Rei>ort,  Part  IV,  page  287.  The  followiiig  discharge  moa^ure' 
meutH  were  made  under  the  direction  of  A,  L.  Fellows  in  ISUl*: 

April  23,  gag©  height.  1.7a  feet;  diecharge,  115  a«(X>iid-feet 
May  G,  gage  hdight»  L.'>r>  feetj  discharge,  9<i  eecond-feet 
June  l.'S,  gage  beight,  2.80  feeU  discharge,  451  second-feet 
Augnfit  11),  gage  height,  1,<jO  feet^  discharge,  109  eeoond  feeL 
October  10,  gage  height,  0*70  foot;  diechiu^ge,  7  eeooud-feet, 

Dailif  isagc  height,  in/eH,  ttf  Sottth  Botddar  Creek  at  MarsluiU,  Color^KUt,  for  im^ 
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Daittf  g*ige  height  ^  infest^  of  South  Boulder  and  Coai  CrwJfc  ditc/i,  CokmnkKf^ 
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BOUIJ>KB  CREEK  AT  BOULDER,  COLORADO. 

The  next  dniiiage  of  importance  entering  the  Sooth  Platte  from 
the  west  is  Bonlder  Creek,  an  important  tribotarv,  furnishing  water 
for  a  number  of  irrigation  ditches.  The  station  is  located  about  H 
miles  above  the  town  of  Boulder,  Colorado.  The  gage  rod  is  inclined 
and  spiked  to  stakes  driven  into  the  ground.  The  bench  mark  is  the 
top  of  a  large  stone  22  feet  west  of  the  gage,  and  is  5. 72  feet  above  gage 
datum.  Both  banks  are  high  and  rocky,  and  not  liable  to  overflow. 
Two  small  irrigating  ditches  take  water  from  the  stream  above  the 
station,  but  the  amount  thus  diverted  will  probably  not  exceed  5  or 
6  second-feet.  Results  of  measurements  may  be  found  as  follows: 
1896,  Eighteenth  Annual  Report,  Part  IV,  page  171;  1897,  Nineteenth 
Annual  Report,  Part  IV,  page  319;  1898,  Twentieth  Annual  Report, 
Part  IV,  page  286.  The  following  discharge  measurements  were 
made  under  the  direction  of  A.  L.  Fellows  in  1899: 

April  21.  ga^  height,  1  foot:  discharge,  84  second-feet. 
May  6,  gage  height,  1.20  feet:  discharge.  134  second  feet. 
June  15,  gage  height,  2.50  feet:  discharge.  642  second-feet. 
August  10,  gage  height,  1.70  feet;  discharge,  276  second- feet 
October  10,  gage  height,  0.50  foot;  discharge,  36  second-feet. 

Daily  gage  height^  in  feet,  of  Boulder  Creek  at  Boulder,  ColoradOy  for  1899, 
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^B  err,  VRAIN   CREEK   AT  LVoNH.  COLORADO* 

The  yrA^itiif  HUttof!  on  tbis  dniiniige  is  IochUmI  ime-Ualf  mile  soutti- 
east  of  Lyons,  C^iloriwio^  below  the  intersections  of  the  North  and 
Sooth  forkB  of  St*  Vrain  Oeek.  The  gage  ia  inclined  And  fastened 
to  a  po«t  drivpti  into  Uib  i^rauntl.  Both  Imnks  are  low  and  liable  to 
overflow.  The  IwkI  of  the  stream  in  com[K)setl  of  graveL  On  May  5  & 
new  gage  rod  wiui  08tablifihed  liaving  tte  same  rea<iing  as  the  old  ODe, 
and  connected  with  a  bench  mark  150  feet  north  of  the  rod,  Thfl 
elevation  of  iho  i>ench  mark  is  6.51  feet  above  gage  datum.  Supply 
dit«h  diverts  water  above  the  at4itioa,  and  it«  diseJiarge  should  ba 
addeil  to  that  of  the  river  to  obtain  the  total  run-off  in  the  basia, 
On  May  5  at  the  rating  nume,  it  whm  discharging ^  at  a  gage  height  of 
0.65  footif  35  itGcond-feet.  The  oliserver  is  Miss  Be^^sie  Sites,  who 
reads  the  gago  on  the  creek,  as  well  as  that  of  the  ditch.  The  results 
of  Hieasnreuients  iira  found  as  follows:  1BI>6,  Eighteenth  Annual 
Report,  Part  lY,  page  17»J;  181^7,  Nineteenth  Annual  Rept>rt,  Part 
iV,  page  3L'n;  181J8,  Twentieth  Annual  Report,  Part  IV,  page  iSb. 
The  following  discharge  meaBureraenti?  were  made  under  the  directtcn 
of  A.  L.  Fellows  in  1809 


P 


April  18,  gAg6  height,  3  feet;  discharge,  217  second- feet. 
May  5,  gago  height,  2»75  feet;  di^hsfge,  137  second- feet- 
June  H,  ga^  height,  4.15  feet;  discharge »  825  &etxmd-t&^ 
Atigust  flt  gage  height,  3.2()  feet;  distharge,  2*>1  second-feet. 
October  T,  g^e  height,  3,10  feet;  discharge,  37  second- feet. 

Diiily  gacje  height ^  in  feet,  of  Sf,  Vrain  Creek  at  Lyona,  Colorado,  for  IS'^n. 
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2  12 

2.05  1 

3. 40 

4.30 

3. 45 

2.6.5 

2.05 

2. 15  ' 

3.  :io 

3. 45 

2.  .55 

2  15 

Nov. 


2.  (Xt 
2,  (10 
2  Mi 
2.  on 
2.(11 
2. 00 
1.16 
l.W) 
1.9«» 
1.9i> 
1.911 
1% 

2.ai 

2.  (I) 

2.  (I* 
2  «' 
2.10 

2.  rii 

2.  (XI 
2.(M) 
2H» 
2.  <)() 
2.  (>t 
1.5« 
].% 
\.% 
I.9(' 

1.1*» 
l.'.«i 


<tClo8ed  for  the  winter  November  :J0. 
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Daily  gage  height,  in  feet,  of  Supply  ditch  at  Lyons,  Colorado,  for  1899, 


Day. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept 

Oct 

Nov. 

1 

0.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.35 
.40 
.40 
.40 
.40 
.45 
.60 
.50 
.10 
.10 
.10 
.JO 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.50 

0.90 
.80 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 

:S 

.HO 
.HO 
.HO 
.H> 
.90 
1.00 
1.00 
l.(N) 
1.00 
1.00 
1.00 
.70 
.40 
.JiO 
.HO 
.HO 
.75 
.70 
.70 

0.70 

.70 

.70 

.70 

.(lO 

.50 

.50 

.50 

.55 

.60 

.95 

1.30 

1.30 

1.3r) 

1.40 

1.40 

1.40 

1.40 

1.4<» 

1.40 

1.40 

1.40 

1.4f) 

1.40 

1.40 

1.40 

1.40 

1.40 

1.40 

1.40 

1.40 
1.40 
1.40 
1.40 
1.40 
1.30 

i.:io 

1.30 
1.30 

!.:«) 

1.26 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.2«) 
1.20 
l.U'i 
.W 
.90 
.90 
.90 
.90 
.JM) 
.90 
.90 
.JUI 
.90 

0.90 
.90 

.85 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.HO 
.HO 
.85 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.50 
.50 
.50 
.50 
.50 
.50 
..•lO 
.20 
.20 
.'*\ 

.r>o 

0.58 
.53 
.55 
.50 
.52 

.:i7 

.20 
.40 
.40 
.20 
.20 
.30 
.28 
23 
!30 
.30 
.20 
.31) 
.30 
.2t) 

.18 
.18 
.13 
.10 
.10 
.10 
.15 
.15 

0.15 
.15 
.15 
.15 

.10 
.10 
.10 
.10 
.10 
.10 
.20 
.20 
.2l» 
.15 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.15 
.15 
.15 
.15 
.10 
.10 
.10 

0.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 

2 

3  - 

4 

5 

6 

8 

9 

10 

11 

12  :::.:::::::: 

13 

14 

15 

1«  ..   . 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29  .  . 

31) 

31 

BIG  THOMPSON   CREEK    AT   .VRKINS,  COLORADO. 

Tliis  Stream  drains  tlio  country  iminodiatoly  south  of  the  headwaters 
of  Cache  la  Poudro  River,  and  enters  the  South  Platte  8  miles  from 
Greeley.     The  location  of  the  station  was  changed  Ai)ril  1,  1899,  from 
its  original  i>osition  to  a  point  g  miles  above,  so  that  the  head  of  the 
Home  Supi)ly  ditch  is  now  below  tlie  gaging  station,  while  that  of  the 
Handy  ditch  is  still  a])ove.     It  is  necessary  to  include  the  discharge 
of  this  latter  canal  to  give  the  total  run-off  of  the  stream.     The  pres- 
ent location  of  the  station  is  at  a  wagon  bridge  upon  the  ranch  of  Mr. 
John  Chasteen.     The  gage  rod  consists  of  a  2  l>y  4  inch  timlH»r  spiked 
to  the  downstream  side  of  the  bridge  on  the  right-hand  sid(»  of  the  river. 
The  bench  mark  is  25  feet  south  of  the  gage  and  is  \)/,M)  feet  alK>ve  the 
zero.     Handy  ditch,  which  heads  one-half  niiU»  above  th(»  station,  was 
measured  twice  during  the  year,  the  liT*st  time,  on  April  17,  at  a  gage 
height  0.0  fcK>t,  the  discharge  was  41   second-feet;  June  13,  at  a  gage 
beight  of  2.30  f<»et,  the  discharge  was  1S2  second-fei^t.     The  observer 
is  Ed.  Chasteen,  who  records  the  heights  of  the  canal  as  well  Jis  at  the 
main  gaging  station.     The  results  of  measurements  are  found  as  fol- 
lows: 1896,  Eighteenth  Annual  ReiK)rt,  Part  IV,  page  175;  1897,  Nine- 
teenth Annual  Report,  Part  IV,  page  322;   1898,  Twentieth  Annnal 
Report,  Part  IV,  page  288.     The  following  discharge  measurements 
^ere  ma<1e  under  the  direction  of  A.  L.  Fellows  in  1899: 

April  17,  gage  height,  0.90  foot;  discharge,  143  second-feet. 
May  4,  gage  height,  0.97  foot;  discharge,  173  second-feet. 
June  13,  gage  height,  2.55  feet;  discharge,  941  second-feet 
Angost  8,  gage  height,  1.73  feet;  discharge,  40G  second-feet 
October  TS,  gage  beight,  0.50  foot;  dischaxge,  M  aecoii<QL-l^\., 
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^m^aHjf  gage  hright,  in  fmt,  of  Big  THompmm  Creek  at  Arkinn,  Ciflorado.for  JML 


D»y. 
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Sept. 
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■  o  No  rcMllngs;  closed  for  tlw  wistc^r  QctoWr  31. 

^»"fV  0<W^  height f  in  feei^  of  Handy  ditch  on  Big  Tkompami  fre^k^  Co/omiio, 


D»y,     Apr. 
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3HE  LA  POUDRB   RIVER  AT  FORT  COLLINS,  COLORADO. 

ream  drains  an  area  of  considerable  size  in  northern  Colo- 
headwater  tributaries  joining  those  of  Laramie  on  the  west, 
in  the  description  of  this  latter  stream,  the  Sky-line  Canal 
ater  from  the  Laramie  River  into  Cache  la  Poudre  River, 
»urements  of  discharge  in  the  latter  basin  include  some  of 
nie  waters.     The  station  was  established  in  1884,  at  a  point 

miles  above  Fort  Collins,  by  Prof.  L.  G.  Carpenter,  of  the 
State  Agricultural  Colleg<\  and  the  work  hiis  been  carried 

his  immediate  direction.  The  record  is  probably  the  long- 
unong  the  best  of  any  of  the  small  streams  of  the  West. 
'  discharge  for  1893  and  1894  will  be  found  in  Bulletin  No. 

30.  The  following  table  shows  the  daily  discharge  through 
ting  season  of  the  river  from  1895  to  1899,  inclusive: 


arge,  in  aecotid-feet,  of  Cache  la  Poudre  River  at  Fort  Collins^  Colorado. 

1895. 


IT^ 

Jmi«. 

Jtiir- 

Aug. 

Jtept. 

I^y- 

Mmy 

June. 

July. 
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Sept.  j 
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213 
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IT.„. 
18... 
19.,  , 

1,100 
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m 
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512 

487 
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am 

288 
260 
284 
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280 
238 
216 
196 
173 
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166 
162 
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Sept. 

382 
283 
.    308 
208 
288 
260 
233 
208 
208 
870 
411 
361 
846 
807 
278 
264 

■ 

Day. 

17 

June. 

981 
942 
882 
878 
841 
780 
753 
753 
760 
745 
707 
634 
612 
660 

July. 

617 
602 
468 
408 
364 
848 
862 
495 
453 
498 
680 
468 
456 
415 
892 

Aug. 

320 
192 
320 
294 
283 
422 
517 
390 
802 
260 
251 
242 
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288 
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255  « 
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280 

204 

285 
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18 

19  "::::::::;: 
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27 

28 
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31 
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large^  in  aecond-feet,  of  Cadie  la  Poudrc  River  at  Fort  CdUin»,  Colo- 
rado— Ck>ntinaed. 


1899. 


D*y. 

May, 

June. 

l.&4^ 
1,HSH 
1,830 

1,H31 

i.ni2 
2,ni(J 
2.  lets 

2,4l» 
3JIR 

8,  \m 
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2.HHI 
3,(M(^ 
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2,  no 

2,544 
2,4S9 
2.415 

2.\m 

2,242 
2,13(^ 

1,577 
1.482 
I.IMO 

i.im 
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2m 
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NORTH  LOUP  RIVER  AT  ST.  PAUL,  NEBRASKA. 

;reaiii  has  its  source  among  the  sand  hills  in  the  western 
I  Cherry  County,  Nebraska,  and  drains  the  country  midway 
/lie  Niobrara  River  on  the  north  and  Middle  Loup  River  on 
.     It  has  a  general  southeasterly  direction,  joining  the  Mid- 

at  St.  Paul  to  form  the  main  Loup  River,  which  enters 
ver  near  Columbus,  Nebraska.  Calamus  River  is  a  tribu- 
le  North  Loup  River,  entering  it  near  Burwell,  Nebraska. 
4urf»ment  of  its  discharge  at  the  bridges  1  mile  above  the 
id  2  miles  north  of  Hurw<ai,  on  May  10,  1S<I9,  by  Glenn  E. 
owed  a  discharge*  of  'M2  second-feet;  North  Loup  River,  on 
rom  a  bridge  one- fourth  of  a  mile  above  I>urw(*ll,  below  the 

Calamus  River,  was  carrying  0S4  secmid-feet.  The  gaging 
1  Nortii  Loup  Rivrr,  established  in  lS!)o,  is  located  at  the 
'idge  4  miles  nortli  of  St.  Paul.  Measurements  at  this 
9n*  not  mado  in  isos,  but  the  station  was  resumed  Ai)ril  18, 
n  a  new  hmI  was  located  200  feet  downstream  from  the  line 
nd  rail  on  the  wagon  bridge.     It  is  a  2  by  3  inch  timber,  10 

situated  on  the  left  bank  of  the  river,  at  an  angle  of  30°. 
h  mark  is  the  standard  iron  pipe,  with  brass  c^ip,  of  the 
tates  Geological  Sui-x'ey.  It  is  set  with  the  top  5  inches 
3  ground,  and  102  feet  nortliwest  of  the  gage  rod,  and  is  at 
Ion  of  5.57  feet  above  gage  datum.     The  zero  of  the  old  rod 
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was  G.54  feet  lielow  same  twnch;  so  tViat  n,H7  Umi  Bhould  be  abided  to 
all  gage  heights  aft-er  April  18,  1890,  to  make  them  coaiparal>te  with 
the  previous  recorrls.  The  bed  of  the  river  is  sandy  and  is  liable  to 
change  during  floods.  James  Stout,  Jr,»  a  fai-mer  living  about  a 
quai-ter  of  a  mile  from  the  rod,  is  the  observ^er.  The  results  of  mejis- 
nreraentg  may  be  found  as  follows:  1896,  Eighteenth  Annual  Report, 
Part  IV,  page  176;  1897,  Ninoteenth  Annual  Report,  Part  IT,  ps^ 
329;  1898^  no  report.  The  following  discharge  measurements  were 
made  by  Glenn  E,  Smith  during  1899: 

Mmsar^ments  o/  North  Loup  River  at  8t  Favi^  NebroMka. 


I 


DfttB. 


lauL 
M»yw ^ 

Jmi»3T. 

JqIfSO ,- 


o«« 


Fleet. 
LSI 
I  77 

a  40 
1.^ 


him 

1,0S4 

«U 


Date. 


Aug.  9 

Sppt.T.. 


1.TO 
1.47 

1,47 
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Dat7^  g«3^  Aetflf/i^  ii*  feet,  of  North  Lnup  Hivmr  at  SL  Fatd,  N^n^aska^for  SM^ 


Day. 


Apr^ 


a  ..„_... .„_ 

"*'■""'"" 

5"  "rr  r!ii  "I""!""! 

,*.—  -._. 

a 

7 :::":: 

R ... ... 

e ,  .,.^ 

in.. „..,.- 

ii_„. ._.,., 

12   _. 

13 ,  _., „ 

u „       . .     . 

15 - 1 

ifl -, 

IT...., „_.......„ 

18 „„.,-.. 

m......  ............... 

af),„„ ,„.,,,„ 

1.81 

LIT 
l.«L' 

21.. - 

^.___ . 

1  73 
1  Tr-^ 

33 

24 .,. ,. 

1.7:: 

35 ..... 

l.tti 

ao .-, 

^7... 

S9 _. , 

1.7S 

3.  a) 

2.78 

ao_,..-. .._ 

31 , - 

1.87 

May. 


JlilM. 


Lm 
i.m 
i.eo 

2.m 
2.  no 

L73 
1.72 

1.71 

I  rn 

1,7(1 
1  <H 

1  HW 

a.w  , 

LU:i  I 
LfW  I 

1.  H7  I 


1.78 

1    7.7 

1  77 

in 

1  73 


1.6B 
LAS 
I.W 
LK 

1.61 
1.60 
t  .V) 
I.&7 
t.fj^I 
1,W 
1  o5 

Lsn 

1,47 
1,42 
1.41 

1  4r» 

1  48 

l.m 
1  i^l 

1.5(1 
1  47 
I  .-jO 
I  .v1 

i.sn 

2A2 
2jm 


July. 


I 


-I 


l.H 

tm 

1.75 
1.^ 

1,68 

1^ 

1  .^47 
1  ti:{ 
1  ."^i:! 
1  4U 
»  lij 
i?.  12 
i!  ''7 
2^13 
1  1^2  ^ 
1.75 
l.^-i 
1  37 
1.28 

}  m 

1.3f* 
i  211 
1  :« 

1  :c 
I  efj 

1.22 
1  3:1 
1  :^ 


Ati^. 


1.34 
1,3T 
1.33 
IM 

am 

2Ut 
l.HH 
1  W 
l.ttS 
1  74 
l.t^2 
1.8(1 
l.di 
1  tl'j 
1.67 
14^ 
1  65 
1  .'i7 
L+tf 
1.6S 


Bi^L 


1.6S 

i.n 

1.57 

1  pi^ 

LWTi 
I.  MS 
1  Kt 
l.SO 
I  7^ 
1  HH 
1  i^j 
1  tL^ 
1  iV) 

I  «; 

l.^VI 
1  61 
1  fj[i 

!  ,Vt 
[  ,Vi 
I  M 


OdL 


1.6i 

I  .'^^ 

1  M 

1.52 

1  r^j 

l,^ii 

I  :>7 

y^ 

I  5,i 

l.,Vi 

1   -.4 

1  5.^ 

l.r,7 

1.6S 

l.dO 

l^ 

is& 

LflE 
1  it 

I  .i: 

1  S(.f 

1  i)» 
1  fv^ 
1.3^ 
13 

1  55 

2  iS 
1  97 
I  t« 

1  6r> 

l.'ii 
1  -1p 
im 

I  6i* 
1  (iS 

1  lli» 
1  (^ 
I  ttt 

1  a^ 
1.5: 


a  Closjpd  for  wintei*  t>ctobeir31. 


MIDDLE    LOUP    RIVER    AT   ST.    PAUL,    NEBRASKA. 

This  river  also  has  its  soui-ce  in  the  fwiml  hills  of  Cherry  Couiiiy, 
and  flows  in  a gi^n e nil  so  11  theiisterly  direction,  joining  the  Xiwili  \.o\]\^ 
Rn  er  at  St..  Paul,  Oak  Cn^'k  is  a  8ni!ill  htroaiu  dmininLT  tln'  nren 
enst  of  Loup  City  and  flowing  southeasterly  into  the  Middle  Loup. 
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vas  measured  by  Olenn  £.  Smith,  on  May  19,  1899,  at  a  point  al>ove 
^  luiokwater  from  the  dam,  at  which  time  it  showed  a  discharge  of 
econd-feet.  The  original  station  was  established  May  5,  1895,  by 
f^nn  E.  Smith,  but  was  discontinued  during  1898.  It  was  reestab- 
lied,  however,  on  April  18,  1899,  and  is  located  at  the  highway  and 
Iway  l)ridge  al)out  1  mile  south  of  St.  Paul.  The  rod  is  located 
the  right  bank  of  th(^  stream,  130  feet  downstream  from  the  line  of 
nd  rail  of  bridge  and  consists  of  an  oak  rod  2  by  3  inches,  16  feet 
ig,  set  at  an  angle  of  30  degrees.  On  account  of  a  change  in  the 
annel  of  the  river,  which  threatened  to  leave  the  gage  rod  dr}^  a 
cond  rod  was  set  on  the  nortli  side  on  June  7,  1899.  The  new  rod 
2  by  4  inches,  hawl  pine,  12  feet  long,  set  at  an  angle  of  30  degrees, 
id  2<X)  feet  downstream  from  the  bridge.  The  gage  datum  is  the 
,me  for  both  rods.  lli«»  observer  is  instructed  to  read  the  rod 
ijacent  to  the  main  channel,  on  whichever  side  it  ma}-  be,  and  the 
v'drographer  is  exi)ected  to  read  both  rcxls.  The  bench  mark  is  the 
jgulation  4-foot  iron  post  of  the  United  States  Geological  Survey, 
Dd  is  located  00  feet  southeast  (rf  the  gage  rod  and  100  feet  from  the 
ne  of  the  downstream  hand  rail  of  the  bridge.  It  is  7.54  feet  above 
age  datum.  The  zero  of  the  original  rod  was  7.35  feet  below  the 
ame  bench  mark,  so  that  0.19  foot  should  be  subtracted  from  all 
»ge  heights  after  April  18,  1899,  to  make  them  comparable  with  the 
►revious  n^cords.  The  observer  is  A.  C.  Snyder,  a  farmer  living 
•bout  one-half  mile  from  the  station.  The  results  of  measurements 
aay  be  found  as  follows:  1896,  Eighteenth  Annual  Report,  Part  IV, 
«ge  181;  1897,  Nineteenth  Annual  Report,  Part  IV,  page  330;  1898, 
0  report.  The  following  measurements  were  made  by  Glenn  E. 
mith  and  Adna  Dobson  during  1899: 

Measurements  of  Middle  Loup  River  at  St,  Paul,  Ndfraska, 


n«t^  Oa»fe  Din-  j^.  Oase    i      Dls 

^^^*^  height,      charge.  ^^^  height,      charge.    I 


^^^-  Feet.      Sec.  feet.  ^^^'  Feet.     \  Sec.  feet. 

Apr.18 2.10  888  [   Aug. 7 2.fi8  i        1.812    I 

"^  •  "  —       ^        -  2.30  1        l,n3    I 


-JiyA 1.84  9W      Aug.23- 

MaylH l.TO  1,186!   Sept.7.. 

June? 2.30  920     Sept.l9. 

Jniie27 4.20  14,631      Sept.30. 

jDlyao 2.18  888   | 


2.25;  W3 

2.40  1,112 


2.25 


969 
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i)ail$f  ^foge  htft^hi,  in  ft^t,  of  Middle  Loup  /ifioer  ttt  SL  Riuf,  N^ra^ka.for  imM) 
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l.W 
1.40 

.:8 

LW 
t.lS 
I.SS 
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L3» 

1.31 
LW 

Lm 
L:e 
I  « 
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L£0 
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4.  IT 
S.61 

a.ao 

a.™ 
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tw 

£13 
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f.a 

&10 
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S.1S 
a  10 

rm 
&» 
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£S 

£.0» 
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S.Oft 

^m 

2.0ft 

3  JO 
2IS 

£.£« 

IS 
IS 
ISI 
IS 

&» 

3!,!»l 
»,1« 

sja 

IS 

a.  27 

8,31 

2.m 

2  Ah 

%m 

2.15 
£.1Q 
SliJ 
113 
£.10 

tis 

3,£1 

£.ft3 
£.l» 
a.l« 

a,  as 

lii 

£.a 

15 

£.j»; 

*au 

Iff.  30  ' 

zm 
a,  as 

t» 
as 

1.31 
I- IT 

£.84 
£1 

114 

£.ir 

1» 
£*» 
£» 

£«r 

£# 

zn 

i._^.,,. ,„^,..*.- 

ft:,:,::,„,,.„.:;..-^. 

—      - 

('''""'"I'l'i'j^ttiii* 

7    ,  , .»-*** 

B            ..»»»....».. 

1      .,„. 

11  [  i.'.'.'nrrrmiz^iimi' 

■— - 

IB,   _   -,k*<.   _.<^B«^   BW^   #»** 

IS ._,_,,    _., 

ll              ^^^^  ^^-**— ^.. 

IS _„.^._ ^.„*. 
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1$                     .„      ,-,-.- ,.^ 

SLIS 

S.10 
£,00 

£.13 

t.m 

£.[D 
1.74 

19 ....,„,_ 

fO,,, 

11. .„ , 

»._. ..„ „. 

tus 

as -« 

tti  ! 

» 

£,» 

a.. - ., 

£4% 

w, .— . 

jff.......^ 

38_„ ..„ 

£.tf 
£4i 

»_„, ^ 

lit  1 

S:::::;::;:: :::::::::::: 

III! 

91 _.... 

"1 

a  Oloaed  for  winter  OctobDr  3L 


LOCTP  BIVER  AT  COLUMBUS,   NEBRASKA. 


This  river  is  formt^d  bj'  the  junction  of  the  North  Jjonp  and  MiMl*? 
Lon]>  riv<^rs  at  SL  l*ruiK  Neliniska,  nut]  fin  tnilt'S  bolow  St.  l^aul  eTit<'ts 
thi^  Piatle  Hiver  iK^ar  ("t»linubiis,  Kel»raskii.  CtMhtr  Hiv**r  is  a  tril)U* 
tary  uf  L(H1|)  River,  and  flows  scmtheasU^rly,  t^inptyuit^  into  Ldiqj  River 
at.  Knllertnn,  *10  luUvs  brlow  St.  l*anl.  At  Kri*'S4>ii,  N(*b^HskJ^  a  larp; 
(lain  lias  l>eeii  built  for  the  puri>c»se  o(  turnru^  IVdar  C'roek  into  a 
canal  to  Ik?  usod  for  irrigation.  The  (bini  backs  the  water  for  about 
one-half  a  mile,  forming  a  pond  1,0(K)  feet  in  width  in  some  places- 
May  17,  1890,  Glenn  E.  Smith  measured  the  river  50U  feet  bel<nv  tlu* 
above  dam,  and  below  the  race  of  a  small  mill  m^ar  l)v,  and  found  J» 
discharge  of  113  second-feet;  at  the  same  time  the  mill  race  >vas 
carrying  10  second-f(*et,  and  the  Cedar  Valley  irrigation  canal  -" 
second-feet — this  latter  being  measured  about  1,U(X)  feet  below  the 
head  gates.  On  tin*  same  day  a  measurennMit  was  made  by  wadinir.  at 
a  point  -  miles  from  Ericson  and  above  the  l)ackwater  from  the  <lani< 
and  gave  a  discharge  in  Cedar  River  of  107  second-feet.  A  tributary 
known  as  Dry  Cedar  entei-s  near  this  point — there  being  scldoin 
any  discharge  from  it  except  during  the  rainy  season.  Near  the 
mouth  of  this  tributar}'  are  several  small  springs,  not  large  enonirh, 
however,  to  give  a  continuous  discharge.  They  were  found  to  he 
flowing  on  May  17,  at  a  point  about  1  mile  north  of  Ericson,  5  Seconal- 
feet,  while  5  miles  above  the  channel  was  dry.     The  gaging  station 
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rap  River  is  located  near  the  iron  bridge  of  the  Union  Pacific 
just  west  of  Columbus,  Nebraska,  and  only  a  short  distance 
3  mouth  of  the  river.  The  gage  rod  is  150  feet  from  the 
Dd  is  of  oak,  fastened  to  a  pile  which  forms  part  of  the  train- 
s  above  the  bridge.  The  bench  mark  is  the  regulation  4-foot 
of  the  United  States  Geological  Survey,  placed  72  feet  east 
i,  and  is  13.27  feet  above  gage  datum.  The  results  of  meas- 
.  may  be  found  as  follows:  1890,  Eighteenth  Annual  Report, 
page  182;  1807,  Nineteenth  Annual  Report,  Part  IV,  page 
;,  Twentieth  Annual  Report,  Part  IV,  page  294.  The  fol- 
leasurement^s  of  discharge  were  made  by  Glenn  E.  Smith 
J99: 

Meatmremenis  of  Loup  Rh'er  at  Columbus,  Nebraska, 


Hdgl 


I 


Frozen, 
4.W5  , 
fi.lNI 

a.s4 , 

4W1 
4.75  I 


I 


4,(17^4 


Dftto, 


iSW-^nmitlnned 

July  «  ...„.......-, 

July  ^Sl    .„„.„„„ 

Ark-  II  ..„- 

Aug.au., „.._„„, 

Sept.  3 

iSoiitlT 

Oc1t.fi..„ „.„. 

Oct  15 


heifflit. 

charge. 

Ste.^f*et. 

h.in 

^.m 

4.!» 

1,793 

4.  Da 

3,251 

iM 

2,387 

1.10 

1,1ICC» 

4.40 

l.»4(J 

4.80 

£.403 

4.W 

1,088 

yage  height ,  in  feet ,  of  Loup  River  at  ColunUyus,  Nebraskayfor  1899, 


Day. 

Apr. 

Bfay. 

June. 

July. 

Aug. 

Sept. 

Oct. 

5.30 
4.05 

4.eo 

4.70 
4.90 
4.95 
5.05 
4.95 
5.15 
5.00 
4.95 
4.80 
4.85 
4.97 

5.;)o 

5.15 
5.14 
4.95 
5.00 
5.05 
5.40 
5.80 
5. 54 
5.40 

6.'6o" 

5.50 

4.30 
4.25 

4.20 
4.25 
4.55 
4.93 
4.90 
4.80 
4.85 
4.80 
4.70 
4.85 
4.20 
4.10 
4.50 
4.20 
4.40 
4.40 
4.50 
4.61 
4.80 
4.70 
4.75 
4.80 
4.81 
4.80 
4.81 
4.80 
4.70 
4.60 
4.70 

4.80 
4.a5 
4.80 
4.80 
4.70 
4.60 
4.56 
4.50 
4.80 
4.70 
4.60 
4.50 
4.45 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.  to 

4.40 
4.40 
4.40 
4.40 
4.45 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.50 
4.80 
4.70 
4.75 
4.70 
4.60 
4.50 
i.50 
4.70 
4.60 
4.60 
4.55 
4.55 
4.50 
4.55 
4.60 
4.66 
4.65 

h.U) 
5.60 

5.  HI) 
5.70 

5.  on 

4.80 
5.00 
4.ft5 
4.90 
6.00 
4.M) 

4.  HO 
4.W) 

5.  JO 
5.20 
5. 15 
5. 10 
5.00 
4.ilO 
4.»0 
4.90 

5.or> 

4.90 
4.H6 
4.90 
5.00 
5.4<» 
5.fi0 
5.80 

5.90 

4.80 

5. 70 

6.40 

5.60 

4.40 

5.40 

4.00 

4.ao 

4.21 
4.20 
4.10 
4.20 
4. 15 
4.00 
:198 
4.(N) 
4.10 
4.25 
4.20 
4.21 
4.20 
4.20 
4.22 
4.23 
4.50 
4.40 

4VwV 

4.70 

4.95 

5.10 

5.90 

5.40 

5.80 

■  Lower  Platte  River  is  a  sandy  streara,  the  l>ed  shifting  during  the 
high  »tjigeft,  through  which  coDside ruble  water  i^  lost  "during  the 
summer  laeason.  On  September  H  tht*rt^  were  only  20  sec^md-feet  flow- 
ing io  the  middle  ohHiinel  at  the  1>rid^e  of  the  Burlington  and  Mis- 
souri Rallmad  near  Central  City,  Xebraska,  this  jjoint  l>eing  20  milei 
below  Grand  Island  and  40  miles  above  Colmubiis,  On  September 
in,  Oleim  E.  Smith  repoH^  that  the  stream  was  dry  at  this  point 
Mr  Adna  Dubs^ioii  imports  the  river  dry  at  Grand  Island  on  September 
30,  The  iraging  nUttioo  at  Columbus  was  r^stublished  in  1B95,  and  is 
located  on  the  left  bank  of  the  main  ehannel  of  the  river,  75  ft^t 
above  the  Meridian  l)ridgt*  soiith  of  Columbus,  It  is  about  4  miles 
above  the  mouth  of  the  I^np  River.  The  gage  consists  of  an  inclined 
oak  timber  fastened  to  cross-ties  which  an^  liedded  in  the  t>ank  uf  Ihe 
river*  The  channel  is  straight  both  above  and  below  the  gage.  The 
bench  mark  is  a  standard  4-foot  imn  post  of  the  United  States  Geo- 
logic-al  Survey,  and  is  located  44,5  feel  east  of  the  gage,  00  feet  north 
of  the  north  end  of  the  north  bridge  truss,  and  10  feet  west  of  a 
Cottonwood  tree  G  inches  iu  diameter.  Its  elevation  is  7-06  feet  above 
gage  datum.  The  ix^snlts  of  measnrements  may  l>e  found  as  follows: 
1896,  Eighteenth  Annual  Report,  Part  IV,  page  190;  18^7,  Xineteenth 

I  Annual  Report,  Part  IV,  page  334;  1898,  Twentieth  Annual  Report^ 
Part  IVj  page  iJt>5.  The  following  discharge  measurements  were 
made  by  Glenn  E.  Smith  and  Adim  Dobson  during  18!*!.*: 

MfasiiriTnentiH  uf  Phtltr  h'tt*4  r  tit  Coitimhtt^s,  ytbniKlti. 
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PLATTE   RIVER  AT  COLUMBUS,  NEBRASKA, 


l^-t-        .te. 

im. 

Jun.  22„„„- 

Fni-f. 

Feb.  19 

Apr,  0 

A«r.  23       .  ^..... 

3.f,n 
S  Ml 
Ml 

J.rn 

mSft  .:;;:::::::;:::::: 

May  33 

JUB©4., ,.... 

June  18^ , ^.. 

Jiiue29,   ,,„^,,,,_,^.^. 

l^ry, 

(I,  "ill 

8  3!  1 1 

10,  i:;] 

7,H7h 


r*ate. 


Julys*-.. 
Julyaa. 
Atjff  i\  . 
Autr  3U_ 

Stvpt,  IT. 
Oct.  S,„ 
Oct.  15.. 


4.01 
IJIO 


1 


15 

H 


J 
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height  y  infect,  of  Platte  River  at  Columbus,  Nebraska,  for  1899. 


D.y. 

Apr. 

May. 

Jane. 

July. 

Ang. 

Sept 

8.90 
8.78 
8.80 
8.86 
3.83 
4.00 
4.14 
3.96 
4.00 
3.94 
8.87 
3.80 
3.73 
3.68 
3.60 
3.63 
8.41 
3.36 
3.21 
3.30 
3.91 
4.10 
3.81 
4.50 
4.70 
4.90 
5.05 
4.83 
4.70 
4.60 
4.51 

4.30 
4.10 
4.00 
4.01 
8.40 
3.70 
4.00 
3.81 
3.66 
3.64 
4.50 
4.60 
4.80 
4.95 
4.98 
4.99 
4.98 
4.00 
4.00 
4.00 
4.20 
4.40 
4.50 
4.63 
4.40 
4.43 
4.50 
4.75 
4.85 
5. 15 

5.10 
4.90 
4.80 
4.85 
4.95 
4.96 
4.97 
4.98 
4.61 
4.63 
4.62 
4.60 
4.58 
4.56 
4.50 
4.60 
4.40 
4.23 
4.11 
4.10 
4.00 
3.90 
3.83 
3.80 
3.70 
3.72 
3.74 
3.80 
3.90 
8.92 
8.85 

3.70 
8.65 
3.60 
8.68 
8.88 
4.00 
3.90 
8.96 
3.94 
3.90 
3.80 
4.00 
3.50 
3.40 
3.30 
2.90 
2.95 
2.85 
2.81 
2.80 
2.81 
2.80 
2.75 
2.70 
2.«0 
2.65 
2.40 
2.00 
1.6(1 
1.50 
1.35 

1.20 
1.10 
.90 
.85 
.80 
.70 
.66 
.60 
.;jO 

.00 
.00 
4.00 
4.80 
4.50 
4.40 
3.70 
3.45 
3.50 
3.65 
3.tiO 
3.65 
3.20 
3.10 
3.00 
3.10 
3.20 
3.60 
3.80 
4.00 
3.90 
3.94 
3.50 
3.93 
4.50 
3.90 
3.83 
3.90 
3.93 

. 

e  washed  out:  gajro  heinrhts  estimated.    September  10-October  28,  sand  bar:  no 
d  for  the  winter  September  9. 


ELKHORN  RIVER  AT  NORFOLK,  NEBRASKA. 

p  rises  in  the  sand  hills  in  Rock  County,  Nebraska,  and 
eneral  southeasterly  direction,  entering  the  Platte  River 
les  above  its  mouth.  Two  gaging  stations  are  maintained 
p,  one  at  Norfolk,  Nebraska,  and  the  other  at  Arlington, 
The  station  at  the  former  place  is  at  the  Thirteenth  street 
iles  south  of  Norfolk  and  above  the  mouth  of  the  North 
horn  River.  The  gage  consists  of  an  inclined  oak  timber 
cross-ties,  which  are  firml}^  bedded  in  the  bank  of  the 
bench  mark  is  a  standard  4-foot  iron  pipe  of  the  United 
)gical  Surv^ey,  35  feet  west  and  7  feet  north  of  the  top  of 
5  feet  west  of  an  ash  tree.  Its  elevation  is  10.70  feet  above 
The  bed  of  tlie  river  is  composed  of  sand  and  mud.  A 
measurements  of  the  North  Fork  were  made  and  are 
.  The  results  of  measurements  may  be  found  as  follows: 
enth  Annual  Report,  Part  IV,  page  191;  1897,  Nineteenth 
)ort.  Part  IV,  page  335;  1898,  Twentieth  Annual  Report, 
^e  296.  The  following  measurements  were  made  by  Glenn 
iring  1899: 

r: 

!6,  gage  height,  frozen;  ilischarge,  272  second- feet, 
^age  height,  1.94;  discharge.  505  second-feet, 
age  height,  3.01  feet;  discharge,  573  second-feet. 
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I 

■         Mny  2rt,  g&-i^  height,  3,72  f««©t;  discharge,  SJO  sef.ond  feet, 

■ 

■         Jul  J  7;  gage  height,  1*70  feet;  dificharge,  427  second- feet. 

I 

I         Auirutit  17,  gage  height,  U30  feot;  discharge.  374  eecond-feet 

■ 

"^         S«pt*iiil3er  ^Tm,  gag«  height.  IJ2  feet;  discharge,  184  Hecond-feet      | 

Ktirth  Fork  of  Elkhom  Rirer: 

■ 

K        February  3<>,  duichari^e,  1 19  Becood-feet 

J 

■         Auril  ^»  discharge,  122  second  feet. 

■ 

■        Mav  2.1,  di^charg^,  4U  Hecotid-feot. 

H         Auguit  17,  dbcharge.  Hi  secoad-faet. 

■         Bepttmber  25,  discharge,  m  mcfm&te^L 

1 

Ikit^lf  fjage  IteigM^  in  fmt^  of  Eikh&t-n  Mivier  at  Norfolk,  AW>nnj*fcri,  /*>r 

L 

.   »'■ 

Apr, 

May. 

Jnne^, 

Jalj. 

Aug. 

a^A. 

■ 

8lII!I«"""  r!"-"™ 

„- ,.. 

I.P4 

IS 

£.10 

S.DO 
l.Bfi 
Li^ 

1,73 

1:S 

1.B0 
9.90 
S.flB 

i.07 
LflO 

i:i 

1.87 

a.  411 

2.23 
LIB 

i.ae 

l.» 

IS 

1.S7 
Lg? 

1.67 

imi 

S.46 

187 

t.os 

l.U 
1.71 

1.71 
l.«7 
1.73 

t.n 

1.7S 
l.OD 
1.65 
1.56 
1.51 

1.1;* 

1.45 
1.43 
l.iS 
1.38 

i;w 

1  ^ 
l.l'l 

1  -1 
I'M 

LSD 
I.^ 

l.«7 
1.® 
L^ 
1.© 
LW 
1  % 
LI6 
tST 
t.3» 
J. 48 
l.t» 
I.® 
1.34 
1.33 
1.38 

i.as 
1.^ 

1.35 

i.aa 

3    17 
I  17 

I  |:i 
1  i:i 
-H7 
.Ui 
.1*1 

o.»r 

.K, 

.» 
.M 
-W 

in 

I.U 

l:g 
}:S 

LOB 

\,m 

1.U0 

111 

IS 

i.oi 
im 

l.OS 

im 

1  04 

1 

s 

«II]!!II*III!ir~!ri!III 

1.8T 
I.W 
l.m 

s.m 

£.<» 
SOI 
LW 

1.88 
1.(17 

LH» 
I.ff7 

LK* 
l,^ 
l.HT 
1,93 
Lri5 
LHW 
1.71J 

u _ .„_ 

ia.„, ._„ „ 

13- , 

U ,.-,-...._«...„. 

15  ._._ 

lis ,— ,*..j-„ 

17 ,„ „,—.... 

!«_„.._ ...„„ 

IB -.,.,_. 

to „„,_„„. 

21 „: .„. 

al , ,.... 

U3 

^.*CT            1  IT* 

i.Hi            ITS 

1*117 

^ .__ _. 

i   IT 

ifis.........  ..........  .. 

3«. ....__,. _. 

L   tl 
Mil 

id; 

1  12 
1   la 

1.1:; 

27. ,, 

38.... -.  - 

ae.„„„, 

W-.......... .. 

3L. .„„. „. 

^'     '1 

Cloaed  for  winUT  ()<'to}>er  M. 


ELKHOKN    KIVKK    AT    AKLINCJTON,    NEBRASKA. 


The  station  at  Arlington,  Xebraska,  was  establisiuHi  \)y  (;i 
Smith  April  2S,  ISJMJ,  and  is  located  at  tho  \vai>:<)n  bridge  1  mile 
the  town  of  Ai-lington.  The  original  i-od  was  fastened  to  ero 
wliieli  are  solidly  l)edded  in  the  river  bank.  It  consisted  of  a  n 
stake  3  by  4  inches  and  1 2  feet  long.  It  was  placed  200  feet  down 
from  the  bridge  on  the  west  bank  of  the  river.  Bench  mark  ? 
a  large  spike  driven  in  a  pile  50  feet  u[)stream  from  the  rod, 
ij.'M  feet  above  gage  datum.  Bench  mark  No.  2  is  a  large  spike 
in  a  piling  20  feet  back  and  10  feet  upstream  from  the  rod,  and 
feet  above  gage  datum.  Bench  mark  No.  :>  is  a  vertical  spike 
into  a  small  leaning  tree  5  feet  <lownistream  from  th(>  rod,  and 
feet  above  ^age  datum.     On  May  10  the  rod  was  washed  out ;  ( 
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3  replaced  by  an  oak  rod  2  by  6  inches  and  16  feet  long.  This 
placed  on  the  same  bank  as  the  first  rod,  but  was  set  25  feet 
upstream.  The  gage  datum  was  not  changed.  S.  P.  Ham- 
i  farmer  living  about  300  yards  from  the  gage  rod,  is  the 
r.  The  following  discharge  moasui*ements  were  made  by 
:.  Smith  during  1899: 

MeasuremnnitH  of  Elkhorn  River  at  Arlington,  Nebraska, 


Date. 


Qaffo  Die- 

leigbt.      c.bsrge. 


hej 


1808. 

Feet. 

1.78 

3.M) 

i.'J4  1 

J 

2.70 

S*'r../eet. 

337 

794 
1,779 
1,626 
2.462 

1,1«9 


Date. 


Julys.. 
Auir.9.. 
Aug.  18  - 
Sept.  15. 
Sept.  24  - 
Oct.  13-. 


I8i»!». 


I  height. 


DiH- 

charge. 


fet. 

See 

.feet. 

2.23 

1,016 

1.72 

732 

1.4<) 

606 

.82 

3U 

.75 

340 

.IK) 

351 

foge  height,  in  feet,  of  Elkhorn  Hivi'.r  at  Arlington ^  Xebraitkayfor  1S99, 


Day. 

Apr. 

1 

1 

i 

::::::::::::::.::: 

1.78 
1.76 

1.81 

"I 


May. 


1.84 
2.07 
1.86 
1.96 
2.30 
3.00 
4.37 
a  96 
8.91 

(«) 

(«) 

(a) 

(a) 

(a) 

(«) 

(a) 

(o) 

(a) 

(a) 

(a) 

(«) 

(«) 

(a) 

(a) 

(rt) 

(«) 

(a) 

«a» 
4.24 
4.15 
4.17 


Juno. 


July. 


3.81 
8.65 
8.63 
8.60 
8.41 
3.42 
8.54 
2.87 
2.56 
2.38 
2.35 
2.40 
5.85 
4.94 
4.55 
4.12 
4.30 
4.48 
3.67 
3.16 
2.67 
2.76 
2.75 
2.  ({5 
2.51 
2.21 
2.  .12 
2.19 
2.32 
2.64 


I 


Aug. 


I 


Sept. 


■| 


2.68 
2.68 
8.19 
2.97 
2.81 
2.66 
2.38 
2.23 
2.23 
2.12 
2.13 
2.02 
2.10 
1.94 
1.86 
1.83 
1.76 
1.68 
1.64 
1.63 
1.57 
1.50 
1.55 

1.30 
1.27 
1.27 
1.25 
1.26 
1.20 
1.22 


1.32 
1.26 
1.17 
1.36 
1.50 
1.40 
1.56 
2.00 
1.70 
1.57 
1.66 
1.40 
1.41 
1.36 
1.42 
1.49 
1.48 
1.39 
1.27 
1.24 
I  00 
1.10 
1.09 
1.21  I 
1.23 
1.(0  I 
1.02 
1.07  , 
1.03  I 
1.01  , 
.K5 


().87 
.80 
.76 
.78 
.70 
.72 
.74 
.76 
.74 
.79 
.80 
.82 
.81 
.84  ' 
.79 
.76  I 
.74 
.78 
.73, 
.65  I 
.66 
.69  I 
.72 
.75 
.76 
.70 

.m 

.«« 
.64 


I 


Oct. 


0.68 

.69 

.68 

.67 

.66 

.73 

.74 

.78 

.79 

.82 

.86 

.88 

.90 

.92 

.98 

.94 

.92 

.91 

.92 

.96 

.98 
1.02 
l.(H 
1.10 
1.12 

1.11  I 

1.12  I 
1.13 
1.12 
1.13 
1.11 


CloHotl  for  winter  ()<;tober  31. 


a  Rod  washed  out. 


REPUBLICAN    RIVER   AT   SUPERIOR,  NEBRASKA. 

river  risc»s  in  the  northeastern  i)art  of  Colorado,  and  after 
I  Nebraska  it  flows  in  a  general  easterly  direction  along  the 
D  boundary  of  the  State  to  98°  west  longitude,  where  it  bends 
Lusas,  and  thence  flows  southeasterly  until  it  joins  the  Smoky 
rer  at  Junction  to  form  the  Kansas  River.  All  of  the  tribu- 
»f  the  Kansas  River  have  their  sources  in  the  Great  Plains 


I 
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region,  none  drawing  their  supply  from  »  ipuuatain  area.     They  are 
also  dlfTerent  from  ordinary  ^treanif^,  in  that  the  rainfall  is  less  at  ibt 
headwaters,  gradimlly  increaaing  downstream.     Two  gaging  statioua 
are  maintained  on  Republican  Biver,  otie  at  Superior,  Nebraska,  josi 
before  it  enters  KanaaJt,  and  the   other  at  Junction,  Kansas.     The 
former  station  waa  established  June  :^0,  18&6,  about  nuo  mile  west  from 
SujH*rior,  Xebraska.     The  old  ga^e  rod  was  first  placed  just  above  the 
river  highway  bridge,  which  is  it«elf  75  yards  alK>ve  the  dam  wkich 
diverts  water  into  the  mill  race.     In  the  spring  of  189S  two  other  gages 
were  located  and  have  been  exclusively  use<l  during  the  h»at  season. 
The  first  gage  was  placed  in  the  river  a  few  feet  upstream  fnim  the 
crest  of  the  dam  the  zero  being  at  same  elevation  as  the  crest.,  the 
second  is  in  the    mill  race,  where  it  is  eross€*d  by  a  wagon  bridge 
about  50  yards  below  its  head.     Discharge  measurements  of  the  river 
are  made  from  the  highway  bridge,  thus  determininj^  at  onee  the  dis- 
charge through  the  mill  race  and  from  the  dam.     The  dischargti  tram 
the  mill  rat*e  was  measured  in  order  that  it  might  l>e  deducte^l  fn)ia 
the  total  discharge  of  the  river  to  give  the  amount  passing  over  the 
dam.     The  bench  mark  for  the  river  gage  is  a  standard  4- foot  irofl 
post  of  the  I'nited  States  Geological  Survey,  and   is  situated  83  feet 
north  of  the  upstream  cylinder  of  the  north  pier  of  the  bridge,  aiwl 
1  foot  inside  of  a  wire  fencM*.     Its  elevation  is  i,f^2  feet  above  datum 
of  gage  at  dam.     The  gage  of  the  mill  nioe  reads  2  feet  higher  ihm 
that  of  the  river  gage,  so  that  its  zero  is  GJJH  feet  below  the  samebendi 
mark.     During  1899  fllenn  E,  Sm^ith  made  an  examination  of  »  po^ 
tion   ui   the   tipper  Reiniblicau   Rivt'r.     iU\   S«*]>itMtil>f r  *►.  ;ii    Oxfar<i, 
Kebraskrt,  tbc  river  (^baiiuel  \va.^  ^^vy  uiul  was   i*"iinrte<l  in  fiav*?  l>een 
in  this  condition  for  ten  days.     At  t)rleanM,  alw^ttt  1 2  unles  lu^l^jw.  there 
was  an  estimated  disrhfirge  of  UJi  second- fVet^ — tliis  srnfill  anion Jii  ('oifl- 
ing  from   Sap  pa   liivt^r,  which  enters  at    tins   point.     The   results  nf 
meaf^ui"ements   may  Im*  fiuind   as    follows:    l^^lMi,  Eisrhtcentli   Aiiiiiinl 
Report,   Part   IV,   pa^e  :^0l\  1H*M\   Nincleenlh  Annual   i^^poii.  Vafi 
TV,  page  :i.l'J;   I8t*8,   Twentieth  Annual   Report,   Part    I\\   pagr  -i]- 
The  i'ul lowing  discharge  measurements  wi^n-  uiadi'  liy  <Tl*"iin  K,  Sujitli 
during  18^Kh 


Ijate. 


I  I 

:     Gagt»  DlH- 


168Q.  F^t. 

JanuBr^JM ,  ProfSenn 


Febniary  it_ 
April  10    .,.. 

Mayl    

May  13 

JtiDv  2  ._,.,.  ^ 
Jane  ^S  ...... 


.75 

ei 

.63 


m 

73S 

^1 
13B 


Duff? 


tght 


11^. 
jutieaa 

July  6 

Jalyaa 

AuRUMt  11 

October  17  .... 


0.4S 

m 

40  I 


t  liarjrt' 


an 
73:  I 

tn  ; 
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Date. 


1800. 

April  10 

Mayl 

Bl«yl3 

Jnne:: 

June  16 

JanedS 


1 
hei^l 

DiH-      1 
charge. 

i 

Feet. 

Sec.'fvet. 

2.08 

40 

8.00 

0 

3.10 

47 

2.60 

56 

3.60 

63  , 

8.40 

50 

Date. 


1800. 

JulyO 

August  11  .... 
September  n 
September  29. 
October  17.... 


Gaee 
height. 

Dis- 
charge. 

Feet 

Sec.'/eet. 

2.80 

66 

2.70 

66 

2.60 

60 

1.20 

25 

1.60 

50 

No  water  was  passing  over  the  dam,  and  all  was  in  the  mill  race  on 
September  6  and  21)  and  October  17.  The  figures  which  are  noted  as 
gage  heights  in  the  mill  ra<;e  during  1891)  are,  in  fa<»t,  measurements 
of  the  center  depth  at  the  gaging  section.  As  e.xpected,  this  has 
proved  to  be  a  l>etter  basis  for  the  computation  of  areas  of  cross  sec- 
tion there  than  the  gage  height  observed  in  previous  years. 

Daily  gage  height^  in  feet^  of  Republiomi  Rh^r  at  Superior^  Sehraska^  for  1809, 


Day. 

Mar. 

1 

2 

10 

u 

12 

13 

U 

lA 

iS.:.:: 

17 

18  :  

S::::::::.:.. 

1.13 

to 

.04 

S:     ::.:.: 

80 

8 

.00 

a        ::.. 

.00 

24 

.96 

25          

.02 

28 

.94 

27 

.98 

•    28 

.05 

■    20 

.02 

30 

.91 

1    31 

.06 

Apr. 

May. 

June. 

0.07 

0.74 

0.45 

1.00 

.70 

.51 

.05 

.73 

.60 

.04 

1.18 

.60 

1.00 

.68 

.47 

.08 

.64 

.45 

1.04 

.50 

.47 

.07 

.61 

.45 

1.00 

.68 

.40 

.07 

.63 

.40 

.04 

.68 

.41 

.80 

.60 

.35 

.00 

.61 

.83 

.00 

.67 

.70 

.88 

.63 

.63 

.74 

.60 

.63 

j     July. 


Aug. 


Sept.    I     Oct, 


.82' 
.77 
.82  i 
.73  1 
.63  I 
.75 
.70  I 
.731 
.75 
.75 
.70 
.70 


.65; 

.64 
.65  ! 
.98  I 
..60  ! 
,.02  I 
.80 
.74 
.70 
.80  : 


.42 
.41 
.12 
.35 
.35 
.:i2 
m 

.63 
.30 
.42 


.73  1 

2.60  1 

.66  . 

2.06 

.65  ! 

1.31  ; 

.63 

1.22 

.54    . 

1.05 

0.01 

.00 

.05 

.80 

.82 

.80 

.68 

.70 

.60 

.00 

.46 

.98 

.52 

.80 

.42 

.68 

.41 

.51 

.41 

.45 

.40 

.42 

.41 

.52 

.60 

.47 

.60 

.42 

.44 

.45 

.30 

.45 

.62 

.46 

.52 

.30 

.42 

.40 

.41 

.40 

.27 

.42 

.35 

.35 

.31 

.20 

.30 

.26 
.35 
.28 
1.23  I 
.60  ' 
•  45  , 


.30 
.45  I 
72 
'.£ 
.21 
.33 


0.12 
.00 
.20 


sal 
(a) 

(rt) 
<a.) 

cut 


(a) 
la) 
(a) 
'a) 
(a) 
la) 
(a) 
(a) 


I 


(a) 

\i 


(a) 
(o) 

(a> 
(=) 
fa> 

(.a) 
(a) 
ia) 
(a) 
(a) 
la) 
(a) 


a  September  4  to  20,  22  to  30,  no  water  flowing  oyer  dam. 

IBB  37 4 


Closed  for  winter  October  31. 
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Dailjfffoge  lieight^  tn/eef,  of  tnUl  rac^  ni  Superior^  Nfhra^eet,  for  iSBit. 


imr^  , 

Mwr, 

Apr. 

M»y. 

Z^ 

July. 

AW 

8<^ 

Oet 

1- 

S.fJB 

iji*j 
i«T 

3.01 

a% 

3.01 
£.99 
3.98 
±m 
£.00 
£.B6 
177 
2.4T 

IN 

S.S3 

£.77 
2  83 
173 
151 

175 

£.78 
1S3 
£.a& 
180 
175 
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KBPUBLICAN  HIVER  AT  JUNCTION,    KAKSAS. 

The  gaging  Btation  at  this  point,  esttablif^hed  by  Arthur  P.  Davit 
April  20,  1895,  in  located  at  the  wagon  bridge  at  the  north  end  d 

WashLUL^MiMi  sti-et't  Just  above  \hv  niuulli  of  Iho  v\vm\  Tlie  ^^ix^  <'Oii- 
fiistfi  <jr  }\vit  oiik  tiinlji^rs  boltini  \m  n  ]>ost  Jind  to  a  coUoinvofKl  Inti. 
Oiii^  b{*ii('h  mark  consiwlK  of  a  r,Li-ptMiny  spike  drivun  Jiito  tho  bast.M)f 
th(*  abutnioiit  of  the  bridp'  al  an  rli'vatiuii  oi'  KL^m  foet  on  the  n4; 
the  Moooud  beii('}i  mark  is  the  h^i»  of  ;i  sbmr  lu  thi-  bust*  of  the  liri<lg^ 
abutment  18  feet  south  of  th<'  .t^Hire  and  at  an  eh^vation  of  14.51  feet 
above  ^age  datum.  The  ri,y:ht  bank  is  high,  but  tlie  left  is  low  and 
may  overflow  in  high  water.  The  bed  of  the  stream  is  sandy  and  lia- 
ble to  cliange.  Results  of  measurements  may  b(»  foun<l  as  follows: 
1800,  Eighteentli  Annual  Report,  Part  I\',  page  205;  18'J7,  Xineteeiilh 
Annual  Rei)()rt,  Part/-IV,  page  :]:V.);  18'.)8,  Twentieth  Annual  Report, 
Part  IV,  page  'MS.  Tlie  following  diseharge  measurements  were 
made  by  \V.  G.  Russell  in  1809: 

April  19,  gage  height,  3.90  fef)t;  discharge,  737  second-feet. 
May  26,  gage  height,  4.20  feet;  discharge,  1,029  second- feet. 
June  7,  gage  height,  4.40  feet;  discharge,  1,224  second-feet. 
June  15,  gage  height,  3.80  feet;  discharge,  936  second-feet. 
October  19,  gage  height,  2.55  feet;  discharge,  85  second-feet. 
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^ily  gage  Jieight,  in  feet,  of  Republican  River  at  Junction,  Kansas,  for  1SU9, 


Day.    ■  Jan. 


1.. 
2-. 
3-. 
4-- 
5-. 
6.- 


8. 

9. 
10- 
U. 
12. 
13- 
U. 
15. 
16. 
17. 
IB. 
19. 

ao. 

21- 
22. 
28. 
2A. 
25. 


^  Fob.  j  Mar.  ''  Apr.  i  May. '.  Juno.  \  July.    Augr.    Sept.     Oct. 


27...  . 

» 

29 

30 

31 


3.40 
3.45 
3.75 

4.00 
3.«» 
3.95 
3.80 
3.05 
3.50 
3.65 
.3.85 
3.90 
.3.1« 
3.») 
3.8.5 
3.70 
3.»)f) 
3.40 
3.  .tO 
3.70 
3.85 
3.H5 
3.7» 
3.65 
3.(i5 
3.70 
3.70 
a  75 
3.80 
3.K5 
4.W 


4.15 
4.15 
4.20 
4.05 
3.75 
3.70 
3.00 
3.65 
3.50 
3.50 
8.50 
3.50 
3.55 
3.60 
3.65 
3.70 
4.06 
X  «) 
3.«0 
3.U5 
4.00 
3.95 
4.05 
4.15 
3.«) 
3.85 
4.(r> 
3.95 


4.00 
4.15 
4.35 

4.50 
4.80 
4.K5 
4.85 
4.80 
4.70 
4.a'> 
4.80 
4.90 
5.15 
4.»i 
5.25 
5.311 
5.40 

5.:J5 

4.911 
4.00 
4.85 
4.50 
4.50 
4. 10 
4. 10  ! 
4.3f)  ! 
4. 15 
4. 10  ! 
4.10 
4.20 
4.20 


4.20 
4.20 
4.20 
4.15 
4.15 
4.20 
4.15 
4.20 
4.20 
4.20 
4.30 
4.15 
4.10 
4.(1) 
4.05 
4.00 
4.00 
4.00 
3.91) 
3.95 
3.80 
3.8i» 
3.80 
3.80 
3.80 
3.75 
3.60 
3. 70 
3. 70 
3.75 


3.65 

3.90  ; 

4.25  ' 

4.10 

3.86 

3.70 

3.66 

3.90 

5.45 

5.36 

4.10 

4.05 

3. 80 

3. 75 

3.60 

3.60 

160 

3.5l» 

3.40 

4.36 

6.  (JO 

6.40 

6.15 

4.70 

4.55 

4. 30 

8.30 

0.15 

4.55 

4.00 

3.95 


3.70 
4.25  I 
6.95 

10.00  : 

7.25  I 

5.20  ! 

4.60  . 

6. 10  ' 

8.80 

7.35 

5.44) 

4.44) 

4.2> 

4.00 

3.80 

3.65 

3.60 

3.50  , 

3.75 

3.60  I 

3.  .55 

3.  .15 

4..Y) 

4.30 

4.75 

4.15 

4.10 

4.10 

4.H) 

6.70 


5.W 
.5.90 
5.»J 
.5.70 
6.05 
4.90 
6.00 
6.30 
5.90 
.5.60 
5.00 
4  90 
4.44) 
4.10 
4.15 
3.90 
3.70 
3. 70 
3.85 
3.70 
3.60 
3.  .55 
3.5f) 
3.55 
3.30 
3. :«) 
3.30 
3.30 
3.ai» 
3.25 
3.35 


4.10 
4.55 
5.45 
4.K5 
4.70 
4.40 
4.25 
4.00 
3.81) 
3.65 
3.55 
3.ty) 
4.50 
4.45 
4.31) 
3.84) 
4.(16 
3.84) 
3.6i) 
3. 40 
3.40 
3.:)l) 
3.  .15 
3.44^) 
3.  .30 
.3.  (Ml 
3. 55 
.3. 10 
3.10 
3.35 
3.05 


3. 10 

3.06 

3. 00 

3. 10 

2.K5 

3.80 

3.85 

2.90 

3.90 

3.81) 

3. 70 

3.65 

3.  (V) 

3.  7(» 

3.60 

3.70 

3. 70 

3.  .55 

3.60 

3.  70 

3.70 

3. 4W> 

3.  tiS 

3.60 

3.70 

3.60 

3.65  I 

3.8()  - 

3.90  ' 

3.65 


3.65 

3.70 

3.75 

2.60 

2.60 

2.85 

3.35 

3.M) 

3. 75 

3. 70 

3.55  ' 

3..V> 

3.70 

3.70 

3. 4>5 

3. 50 

3..")0 

3.(» 

3.55 

3  .50 

3.60 

.3.25 

3. 10 

3.  .35 

4.30 

4.05 

4.35 

4.05 

3.55 

.3.31) 


Nov.  .   Dec. 


3.65 
3.85 
2.90 
2.95 

2.80 
3.60 
2.60 
3.70 
3.80 
3.80 
3.  .54) 
2.50 
3.60 
3.40 
3.60 
3.40 
3.60 
3.80 
3.20 
2.80 
3.70 
3.60 
3.80 
3.90 
3.90 
3.70 
3.64) 
2.70 
3.90 
3.90 


2.80 
3.90 
3.20 
.3.50 
3.U0 
3.80 
3.80 
3.20 
3.00 
3.20 
3.30 
.3.50 
3.20 
3.  .50 
3.20 
.3.30 
3.30 
.3.30 
3.30 
3.10 
3.44) 
3.60 
3.  .50 
3.54) 
3.60 
3.40 
.3.40 
3.60 
3.90 
3.80 
3.44) 


SOLOMON   RIVER  AT   NILES,  KANSAS. 

rhis  river,  one  of  the  principal  tributaries  i)f  Smoky  Hill  River, 
es  in  western  Kansas,  and  flows  in  a  genenil  easteriy  direction. 
«ring  the  Smoky  Hill  River  near  Solomon,  Kansas.  The  station 
Niles  was  established  May  5,  1807,  and  is  located  at  a  l)ridge  one- 
1  mile  west  of  the  town  and  7  miles  abov<»  the  mouth  of  the  river. 
B  rod  of  the  wire  gage  is  spiked  to  the  floor  of  the  bridge.  Tlie 
ich  mark  is  the  upi)er  of  three  nails  driven  int^)  a  (M>tt^>nwood  tree 
inches  in  diameter,  on  the  north  side  of  the  river  and  25  feet  east 
the  bridge,  at  an  elevation  of  24. UG  feet  al)ov(^  gag<'  datum.  The 
mnel  is  stniight  for  about  10(>  feet  above  and  bel4)w  the  section. 
B  current  is  sluggish;  the  right  bank  is  high,  and  tin*  left  bank 
irflows  only  at  very  high  stag(*s.  The  l)e4l  of  the  stream  is  muddy. 
tj  discharge  measurements  may  b(»  found  as  follows :  1 807,  Nineteenth 
nual  Report,  Part  IV,  page  342;  1808,  Twentieth  Annual  Report, 
rt  IV,  page  214.  The  following  discharge  measurements  were 
tie  by  W.  G.  Russell  during  1800: 

April  24),  gage  height,  4.90  feet;  discharge,  120  second-feet. 
May  27,  gage  height,  5.10  feet;  discharge,  129  second-ft-et. 
May  29,  gage  height,  11.65  feet;  discharge,  1,529  second-feet. 
Jane  16,  gage  height,  13.60  feet;  discharge,  2,270  second-feet. 
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Daiiff  ytMga  fieiglU^  iH/mi^  of  Sotonum  Swer  ui  SUm^  Kansas^  for  li^. 


1*,.. 

J«i. 

F*^l^ 

Hat, 

Apr. 

lf*sr. 

Jane. 

July* 

Auk, 

Sffpl. 

Oct 

Not,!   Dwv 
1 

I 

».7i) 

a,9fi 

6.30 

4.76 

5.30 

18.  T5 

^.m 

6,10 

4.40 

5,00       4  Sri 

f,..,. 

fl.n 

&.e& 

&.00 

&,:S5 

«,«& 

6.10 

'IS 

0.66 

10  75 

5.00 

5.10 

4.80      4  *■ 

a..*„ 

Iflft 

6.3D 

6.ra 

6.35 

30.00 

io,oo 

8.35 

5.10 
5.10 

4.70 
4.45 

4.  tD      laj 

t::;:: 

6,  SI 

i,m 

410 

a.jai 

fi,icn 

R.m 

».m 

4.80 

33,  ao 

a  1*0 

6.80 

4  »6 

4.30 

4.90 

4i» 

f 

SOS 

6,40 

6.S5 
6.  £5 

4.IW   ie.TO 

4,86  1    8.3f> 

».7y 

6.811 

4.85 

5.te 

€.40 
4.45 

5.  ID 

4.« 

7,.... 

&J0 

47!l 

«.,<.. 

is.aD 

5.0& 

fi.46 

6.36 

Q.  10     tfi.W 

a  60 

6.65 

4.fi6 

4.15 

iab 

in 

1 

5.ftft 

fi,<l6 

S-SJ 

fl.f»  nfio 

7,45 

5.55 

4.80 

4.30 

4.80 

4aj 

!  10.^- 

IL3U 

fi.eo 

e.*s 

6.S6 

5-86  thm 

«.8& 

5.30 

4.^ 

4.40 

4«) 

4.70 

5.  as 

fi.4& 

6. 3D 

6.35 
<k66 

15.60 
10,  uo 

fl.76 

5.S5 
5,30 

4,35 

4.70 

4,50 
i.40 

4-30 

4.ao 

4.90 

11  ..*-. 

&,3Q 

4.?0 

tS^,.«-H, 

&45 

^Ab 

5.16 

6.00 

%.n 

7.36 

5.40 

i.ao 

4.30 

440 

4» 

U      . r**. 

fiLlA 

5.06 

6,10 

B.fl6 

T.es 

in,tiO 

5,8S 

4.50 

4.86 

4.«0 

450 

W  »  ri- 

II.W 

5.  BO 

a,  aft 

6.ni) 

5.15 

9.80 

7.fi5 

5.^ 

4.O0 

4.35 

4-60 

i.tA 

10 

&.5S 

0.S& 

6.tA 
6.05 

6,00 
5.05 

mm 

10.10 

6.16 

5,35 
6.16 

4.60 
4.60 

4.36 
4,15 

5.  no 

4,60 

6L(l 

1?  :,.. 

fi^aj 

5.(0 

la 

6.46 

fi.06 

B.70 

4.9& 
6.U(» 

5,00 
4.  BO 

7,16 

e.65 

•  40 

«.ao 

e,es5 

A,3t^l 

4-60 
4.46 

4,15 
4.16 

4,«0 

430 

^S 

S;::-: 

«,40 

fi.fS 

&,fi& 

6.(6 

5,00 

0,3S 

0.40 

fl.aff 

4,40 

4.10 

460 

^Sl 

4| 

5.fiO 

5.10 
5.45 

8.  IS 
fi,a6 

C.Q5 

6,90 

4,45 

4  70 

i.m 

4.30 

4iO 
4  80 

ai. 

fl,  10 

l.an 

^     ,  , 

r»Tff 

5.S5 

5.X& 

i.SK* 

5,30 

7.15 

6.85 

5.50 

4,56 

4  30 

460 

5.W 

£| 

R,m 

5.35 

&.»!» 

4.»6 

5.a& 

mift 

6.65 

5  aj 

4.46 

tm 

450 

4.;i- 

JSB....J 

5.!^ 

a,  411 

6.35 

4.S(i 

5,90 

12,46 

6.66 

5,15 

4.46 

4,6S 

470 

4^ 

M 

fi.SA 

133 

5.36 

4.90 

5,10 

1@.00 

5.70 

&90 

4.40 

4.00 

4  50 

iJQ 

»7 

6.  ISO 

ft.  45 

B,16 

4.85 

8.  BO 

ll.iS 

6  40 

5-10 

4,66 

10.  S5 

470 

ini 

» 

JkTQ 

fi.an 

fi.a6 

4.80 

14.16 

11.60 

6.36 

5.10 

4  40 

«i.]5 

4O0 

4.i) 

S 

5.7« 

6.30 

470 

11,85 

H.flO 

6.41) 

5.0Q 

4.30 

6.15 

480 

4.ai 

80..... 

fi.a& 

6.a^ 

4.80 

T.15 

IB,  00 

6.56 

4.  £6 

4,45 

5.30 

470 

4,4D 

H,.... 

fiflO 

6.06 

5.«0 

6.S6 

*.» 

6.00 

4*0 

3ALIKB  RIVKE  AT  SALIKA,   KANSAS. 

This  river  and  tb©  Solomon  are  the  two  principal  tribute riea  of 
Smoky  Hill  River.  They  ai-e  of  a  similar  type  to  the  other  IribuLa- 
ries  of  Kansas  Riv*^r,  as  they  are  sand-hill  streams.  Saline  River 
joinrt  Smoky  Hill  River  a  short  di^tanee  below  Salina  and  I*  milejs^bv 
ranroad,  almve  thi^  lunutli  of  Soluunm  River.  The  slatiun,  established 
May  4,  1S!»7,  i^  ln(*aled  at  a  hrid^ri*  4.,=i  miles  northeaist  of  Salina,  near 
the  aUHitli  !>!'  tlir  rrvr*r.  The  rod  of  the  wn-e  gage  is  spiked  to  the  floor 
of  the  bridge.  Heneli  mark  Xo.  1  is  a  nail  in  an  elm  tree  2  feet  in 
diameter  <in  tlu:  north  si^lr  uf  tlie  river  and  t)  feet  weist  of  the  bridge. 
Its  elevation  1^22.00  feet  alx>ve  gage  <hjltnji.  Heneli  mark  Xo.  :2  is 
six  nails  dri%4>n  into  a  Ui~ineh  box-elder  tree  tm  thi^  north  side  of  tb 
river  and  -{-">  fi^et  east  of  th<*  1  bridge.  Its  elevation  is  i?!?.9rj  foel  above 
page  datum.  The  (^uirrnel  is  straight  for  a  little  distanee  above  aod 
below  the  station.  l>ot)i  V»anl<.s  are  high  and  not  liable  to  overflow- 
The  bed  of  the  stream  is  sand  and  mud.  The  results  of  measure- 
ments may  be  found  as  follows:  1897,  Ninteenth  Annual  Report,  Part 
lY,  page  346;  1898,  Twentieth  Annual  Report,  Part  IV,  page  olO. 
The  following  discharge  measurements  for  1899  were  made  by  W.  G. 
Russell : 

April  21,  gage  height,  2.90  feet;  discharge,  26  second- feet. 
May  27,  gage  height,  4.20  feet;  discharge,  90  second-feet. 
May  29,  gage  height,  12.65  feet;  discharge.  1,007  second-feet. 
May  30,  gage  height,  9.30  feet;  discharge,  524  second-feet. 
June  16,  gage  height,  8.60  feet;  discharge,  560  second-feet. 
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aUg  gage  height,  in  feet,  of  ScUine  River  at  Salina,  Kansas,  for  1899, 


SMOKY   HILL   RIVER  AT   ELLSWORTH,  KANSAS. 

\  river  rises  in  eastern  Colorado,  and  flows  easterly,  joming 
^publican  River  at  Junction  to  form  the  Kansas  River.  The 
\  station,  established  April  17,  1895,  is  located  at  the  highway 
on  Douglass  avenue,  Ellsworth,  Kansas.  The  gage  is  an 
5d  ash  timber  spiked  to  a  post  driven  in  the  bed  of  the  river 
)lted  to  an  iron  post  on  the  bridge  pier.  The  bench  mark  is  a 
riven  in  the  base  of  a  large  box-elder  tree  near  the  southeast 
of  the  bridge,  90  feet  from  the  gage,  and  its  elevation  is  13.07 
30ve  the  zero  of  the  gage.  A  slope  gage  is  spiked  to  the  Saint 
and  San  Francisco  Railroad  bridge  2,53^)  feet  upstream,  and  is 
ad  to  the  same  datum.  The  channel  is  nearly  straight  above 
slow  the  gage,  and  the  l>ed  is  sandy  and  shifting.  The  results  of 
irements  may  1k»  found  as  follows:  1806,  Eighteenth  Annual 
•t,  Part  IV,  page  214;  i8l>7.  Nineteenth  Annual  Report,  Part  IV, 
H7;  1898,  Twentieth  Annual  Report,  Part  IV,  page  315.  Meas- 
mts  for  1899  were  made  by  W.  (i.  Russell,  iis  follows: 

March  20,  gage  height,  1.2.")  feet;  discharge,  35  second-feet. 
June  6,  gage  height,  2.07  feet;  discharge,  184  second-feet. 
June  26,  ^ge  height,  1.95  feet;  discharge,  189  second-feet. 
July  7,  gage  height,  4.75  feet;  discharge,  1,675  second-feet. 
July  8,  gage  height,  13  feet;  discharge,  10,986  second-feet. 
Joly  8,  gage  height,  10.95  feet;  discharge,  7,848  second-feet. 
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/J»%  i/agtf  hi'i0ht,  iuftfi^  of  Stmtly  HtU  Hirer  at  Ettititorih,  Kan*a4Sfftyt  iJs^. 
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'  BLUE  RIVER   AT  MANHATTA^J,  KAJfSAH. 

This  fltwam  is  one  of  t-be  principal  trilintArit*.^  of  Kansas  River,  and 

drains  u  |jar1  of  SfUitlM^jish^rn  XoVir.iMka  ;uul  iinrthtMsti^ri  Krtiisa*^,  1^ 
untors  KrtTJisjis  Hi  vim*  ilI  Man  halt  an.  Its  triliiitaries  cxtuinl  alnui^l  T<^ 
tln^  riiilU^  Rive'r;  TluMlniiTjnt^t'  bassin  HM't^ivos  a  i^upions  rainfall,  aw^ 
tln^'ofon^  tlir  rnn-nIT  Is  i*nnsjil«*nilily  larLTor  than  from  tho  inori^  sveM- 
erii  t  ril)ulai"ii^sof  KaasaH  Kivrr.  TIrt' ^^a^niitf  slat  ion,  estiLliIiwlnHl  April 
12,  18f>5,  is  at  tin*  f*(mnty  hrid^t*  4  niilew  nortlt  of  MaiihaltaiL  The 
giv^v  rod  <'<msistsof  ihrn^  MtH*tions,  tlit.' lower  lH*iiii^^ai\  asli  stiok  driviD 
ildo  tlio  iM^ttoiii  of  i]\v  riViT  and  lii>ll*'d  Xm  an  oviM"hanirin;r  oortoijWEK.Hl 
tn*o  3<)  f*M*t  east  I  if  the  hrid;^*^  TIk*  otlser  two  seHions  of  lln^  nwi  air 
hollod  to  thojHtaitli  l>rid;^*^  ]>i^M^  The  hi'iirli  jaark  is  a  <*ross  rnt  in  ih^ 
*!a|rstoiir  of  the  soutli  hridi^^o  ]*ior  inHJM^liatoly  alnivt*  llii^'  iijijm"!'  iriii!»*, 
and  Ih  HtJ.  I'in  H'^t  nlMJVt' ;?n^i'  datum.  Tliy  rasulta  c^f  int^asiircint^ritji 
may  ho  Hnind  nw  f< allows:  lSl)i>,  Ki^ddooritli  Annnal  Rojiort,  Part  IV, 
pa^^^lM^i;  lStr7,  Nirii'tL^ontli  Annual  Itriiort,  Pait  l\\  ]iiii^v  :US;  ltil»K 
Twoiitielii  Annnal  R<^porl,  Part  IV,  paj^i^  iJHL  Th(*  following  die- 
chnrp*  nnviRnn^nonts  ivor*^  made  hy  W.  G.  Russidl  dnrini^  lS!*t^: 

April  'Ja,  gagt^  heiijht,  4 MO  feet:  flischarge,  T^j7  R^ecrfnil-ff^et. 
M n y  2d ,  gu(^e  bei ;,'h t .  VA.in  f  ei^t :  disc Uarge ,  H ,  1  K>2  m*Q*.  i li <  1  -  fee t , 
June  8 1  gage  beigbt,  1<3*0U  feet;  disc^harge,  20,'i:iT  secoiu]-fL:^i:< 
J  n  ne  0 ,  gage  height »  I H.  Si)  f ee  t :  d  i  tif  h  h  r  ^e ,  10*  5^ :  ^  aecon  f1  -  feet  * 
Juno  t(»,  gage  hei^'ht,  lo.C)  feet:  ihsoharge.  13,0 1 »1  iefoad-feet* 
Octo^mT  l>^,  gs^;^  height,  'i^lQ  feet-,  diac^hBTgia,  366  seeoDil*feet. 
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(t72f  gofS^  iieight,  in  feet,  of  Blue  River  at  Manhattan,  Kansas,  for  1899. 
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KANSAS  RIVER  AT   LECOMPTON,  KANSAS. 

s  river,  formed  b}^  the  junetioii  of  Rei)u1)licHn  and  Smoky  Hill 
.  at  Junction,  Kansas,  flows  in  a  general  east(»rly  direction  into 
uri  River  at  Kansas  City.  The  gating  station  at  Lecompton 
wtablished  Ai)ril  IG,  1800,  and  is  lo<»ated  at  the  new  carriage 
5  recently  built  across  the  river. 

»  following  discharge  measurements  wen*  made  by  E.  C'.  jMiirph}' 
W  G.  Russell  during  1890: 

Measurements  of  Kansas  River  at  Leccnnpton^  Kansatt. 
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Daily  gage  height,  in  feet  ^  €»/  Ka:n^€ts  Bwer  ai  LecompUm,  KanKt^for  ISS^. 
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KAN8A8  RHTKR  AT  IjAWHEKCE,  KAK8AS. 

The  station  at  this  point,  11  miles  below  the  Lecorapton  stationj 

e9t4ibliBhf*d  in  July,  lHfl5,  and  is  located  at  the  wagon  bridge  at.  l>aw- 
rence,  Kansas.  Tin'  ^tigt*^  wasfa,'*ttnied  to  tin*  south  pier  of  the  hridge^ 
about  r^n  fept  up  tlie  river  froiri  the  erest.  of  the  thiin.  Owin^  to  llie 
iuipossibility  of  aeeurately  rating:  tViis  .slation,  no  Tnen.sureini^itsuf  dh- 
ehar^e  wore  made  here  dnrin^^  ISlHK  Init  ga*^e  readioj^'n  were  mma- 
iainefl  until  Noveini>er  4,  when  the  Ntaliun  wa.s  dise*>ntionHi,  The 
Tjecftrnpton  station  whs  ei^tablishe<l  to  take  the  plaee  of  thi.s  one.  Tb* 
results  of  nieasnremenls  maybe  found  as  follows:  ISl^ii,  Kitrhteenth 
Annual  Rt*port,  j^art  IV,  pa^i-  220 \  18ri7,  Nineteenth  Annual  RepoH, 
Part  IV,  page  35tU  ixm,  Twentieth  Annual  Report,  Part  IV,  page3^i^ 
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Daily  gcLge  height^  in  feet ^  of  Kansas  River  at  Latorence^  Kansas,  for  1899 
[Siflrn  —  indicates  that  water  is  below  zero  of  gagre.] 
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^..| 

Mar. 

Apr. 

May. 

June. 

July. 
2.36 

Aug. 

8ept. 

Oct. 

Nov. 

1 

.     O.fiO 

-1.76 

.80 

1.20 

1.20 

2.00 

2.86 

0.60 

0.10 

0.80 

« 

.       .60 

-     .eo 

-    60 
.00 

1.10 
.90 

1.20 
1.20 

1.00 
1.00 

1.90 
2.10 

2.70 
2.96 

1.95 
1.66 

.60 
.60 

.15 
.20 

.76 
.75 

3 

4 

.80 

.10 

1.06 

1.20 

.86 

2.70 

2.80 

1.55 

.80 

.20 

.66 

5 

.       .90 

.00 

2.00 

1.25 

.86 

6.80 

2.66 

1.40 

.60 

.20 

ft 

-,      .70 

.40 

1.80 

1.86 

.90 

5.60 

2.66 

1.60 

.66 

.20 

7 

.       .66 

-  .70 

.70 

1.80 

1.20 

3.76 

4.60 

1.80 

.60 

.20 

8 

.       .80 

-  .60  : 

.90 

1.60 

1.10 

3.60 

6.65 

1.90 

.60 

.30 

9 

.       .60 

.00  1 

1.05 

1.80 

1.00 

4.60 

4.80 

1.50 

.60 

.10 

10 

.       .50 

-  .50  ! 

1.30 

1.76 

1.20 

6.20 

4.60 

1.40 

.50 

.00 

11 

.       .45 

-  .80 

l.af) 

1.60 

2.90 

6.30 

3.66 

1.30 

.50 

.00 

12 

.       .50 

-    .20 

2.80 

1.46 

2.80 

6.40 

3.00 

1.25 

.60 

.00 

18 

.       .50 

-  .60 

3.90 

1.40 

2.60 

4.10 

2.56 

1.10 

.60 

-.10 

U 

.       .50 

-1.20 

2.80 

1.25 

1.80 

3.80 

2.66 

1.35 

.40 

-.20 

15 

.       .50 

-1.30  1 

2.60 

1.10 

1.45 

3.50 

2.76 

1.90 

.40 

-.20 

1« 

J      .46 

-1.40  1 

3. 70 

1.00 

1.20 

3.10 

3.00 

2.66 

.36 

-.30 

17 

.       .40 

-  .16 

3.60 

1.00 

1.00 

2.80 

3.00 

2.26 

.40 

-.20 

18  

.        .40 

.00 

3.60 

.90 

1.00 

2.15 

2.70 

2.06 

.40 

-.20 

1»-. 

.        .40 

.50 

2.80 

.80 

1.00 

3.00 

2.25 

1.70 

.36 

-.20 

» 

.        .55 

.50  1 

2.10 

2.70 

1.00 

2.00 

1.96 

1.60 

.30 

-.30 

tl 

.        .75 

.55 

1.80 

1.36 

3.40 

1.96 

:..80 

1.36 

.30 

-.20 

ffl 

m 

.35 

1.80 

1.00 

6.66 

1.86 

:.80 

1.16 

.30 

-.30 

23  

.       .75 
.       .  75 

.00 
.30 

1  .V) 
1.50 

1.00 
1.00 

6.80 
4.80 

1.70 
1.90 

1.60 
1.60 

1.00 
1.00 

.30 
.30 

-.30 
-.30 

34 

» 

.70 

.00 

1.40 

1.00 

8.10 

2.00 

1.40 

.86 

.30 

-.86 

2B 

.        .80 

.50 

1.40 

1.00 

2.50 

2.00 

.40 

.85 

.20 

-.36 

27.   

.!      .65 

.70 

1.40 

1.00 

2.10 

2.10 

i.26 

.80 

.10 

-.30 

28 

.        .36 

.80 

1.85 

1.00 

2.70 

2.40 

.16 

.80 

.06 

—.86 

29 

.       .60 

1.20 

1.00 

3.10 

2.40 

.10 

.80 

.00 

+  .80 

30 

.       .40 

1.20 

1.40 

2.60 

2.40 

.80 

.76 

.00 

.85 

ai 

.       .80 

i 

1 

1.20 



1.90 

2.86 

.66 

."85 



Station  discontinued  October  8L 
ARKANSAS   RIVER. 

rhe  source  of  this  river  is  in  the  vicinity  of  Tennessee  Pass,  in  the 
itral  portion  of  Colorado.  It  flows  southerly  for  about  70  miles, 
m  easterly  for  50  miles  to  Canyon,  receivinj<  a  number  of  tributa- 

8  from  the  mountainous  area  on  either  side,  which  tends  to  increase 

9  discharge  of  the  river.  At  Canyon  it  suddenly  emerges  from  the 
K5ky  Mountain  front  and  thence  flows  in  an  easterly  direction,  trav- 
jing  the  Great  Plains  of  eastern  Colorado,  in  which  section  most  of 
e  water  is  diverted  for  irrigation.  After  crossing  the  Kansas  line 
continues  eastward  for  about  200  miles  until  the  center  of  the  State 
reached,  when  it  suddenly  bends  to  the  southward  and  passes  into 
dian  Territory,  and  from  thence  into  the  State  of  Arkansas,  finally 
itering  the  Mississippi  River  about  25  mile^',  above  Greenville^  Mis- 
»ippi.  Throughout  th(»  mountainous  area  above  Canyon  the  dis- 
large  inci^»as<»s,  but  as  soon  as  the  river  emerges  onto  the  Great  Plains 
le  water  is  gradually  diverted  by  means  of  canals,  so  that  by  the 
fne  the  Kansas  line  is  reached  the  river  is  usually  dry  during  the 
immer  stages.  In  it+i  mountainous  eoui*se  the  river  makes  a  descent 
om  ]0,0(.)0  feet  at  Leadville  to  5,300  feet  at  Canyon,  a  distance  of 
0  miles. 

during  the  last  year  two  notable  examples  of  engineering  construc- 
^H  have  been  practically  completed  in  this  basin.  The  first  one  is 
)  Twin  Lakes  reservoir,  in  which  a  dam  30  feet  in  heiglbLt^  of.  «o^<^ 
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>nr>\  has  lH*en  rompletCHl  in  a  fut  Tx^low  tlu*  outlol  of  th*?  Ii>wer 

of  IVin  Liiku^K,  which  isi  one  syiirc*^  of  supply  of  the  Arkangas. 

Thin  in  dGHif^ml  to  j4tonj  water  for  a  c^nul  l-K)  mile*^  below,  whid 

H  a  few  miles  below  PiiebJn.     Tlie  ilitch  has  been  eleaneJ  *iirt| 

Inrfiig  the  last  season,  and  it  ih  »Uiteil  that  $2,rKHX(XXi  are  being  sp^sl 

on  H  8Ugar-lwet  fiw?tor>^  reoeivinjj  water  fmm  it. 

Twi^lve  rnih*H  north  of  T.aniar,  Coluraiio,  are  a  fierier  of  depmd^iM 
in  thi'  plainKf  t*eparated  by  ridiy^eH.  Fiw  nf  thew  have  beenoonm^M 
by  iHteheK,  ninkiiiK  the  eontinuoni^  newervoir  nyHtem  of  Thi?  ihvi^i 
Plaiua  WaUir  r<ini|iany.  'Hieir  k>titl  available  eapa^nty  is  1H4,'>|;' 
aore-f est.  it  i «  Ww  in  t4>n  t  i  o  n  to  fl  H  1  In  *  n »  f  i-o  m  th  e  Ark  an  sas  K  i  vf  r 
during  the  winter  nn«i  hifrH- water  Hean^uus  by  ineaoN  uf  a  supply  iliU'K 
whieh  is  now  ouniplet^Hl,  Thmiiiteh  isaiKiut  \H}  miles  long  and  htjwl^ 
unanMliately  alnne  La  J  unta,  It*i  capacity  atr  t  he  head  is  i!,f  *i  n>  smmd- 
fH*t.  A  nunil^«'r  of  jijafjinj^  stations  have  tuM^n  maintained  in  t3ii« 
drahuigt*  lukniu,  and  they  are  clBSerit>ed  in  oi^er  do%rn  ^trettm: 

LAKK  t^HKKK    AT  TWIK   LAKSti,    COLilRADO. 

This  ereek  eut^rs  the  Arkausa8  a  short  dist^uiee  above  Granitic,  W 
oradn.  The  Ktation  waw  established  June  21,  1809,  by  Mr.  H  0. 
McReyiiolds,  *diief  t^upm^er  of  the  Colorado  Land  and  Water  Com- 
pany, whieh  httM  been  at  work  on  the  rest^rvoir  of  Twin  I^ke;*  diiriB^ 
the  bist  year.  .  It  was  at  first  eontt^mplated  that  nieHsurenient«^ho«l€ 
Ih*  made  sliowinj^  the  dineharge  into  the  upper  lake,  between  thel^tJ 
lakes ^  jtnd  Iwdow  tlu*  ir>wer  lake,  Init  owiii|L;  to  diflTif^ultiefl  eneouii1*'n^ 
only  ri  fi"\v  mi'asuR*riM"Uis  w^^rt^  matb'  at  tlu'  two  ujtper  pciint^.  i^n 
July  17  t}iiMHs('}iHrir<*<'ntt'ring  tin*  U|>t><'r  hikr,  at.  a  ga*j:^^  heii^ht  uf  i^* 
feetj  was  ftmnd  In  bi^  27-i  Hvvoiul-for]  i  on  Oetober  li\  at  thr  srtm? 
point,  witli  a  fjage  liei^ht  of  1*0  feet,  tlte  disehnr^i*  wns  27  seeontl-fe<'t 
Three  meiisnrt'rneuls  of  discharge  Wi^vv  made  at  a  p<nnt  l>etwt'eu  tlif 
two  laki's-  Jmn*  2]^  tii  a  gag*^  height  o(  :J.ti()  U^^U  the  disehar^a- was 
found  to  1m3  l,tKi7  smtond-foet;  ,July  17,  at  a  gagf*  height  uf  I.ihi  fi-el 
thiMliseharge  was  ;J7  t  sec^ond-feet;  (h^folM^r  1:2,  gage  heiglil,  l.4ftH'i; 
<nHehai'g*%  4:.^  s^H*<md-n^et.  A  nnnilMMMjf  (HHi-harge  iiirMsnn'nii:r]t?<at 
th(*  lowt^r  j^taliou  vu^n*  made,  suf[seit*!i!  for  Mir  const  rnctiou  uf  a  rating 
table  covering  Ihr  [a^riod  fi'om  pfnni^  21  Ut  -fuly  I'H^  but  aft^M'  lliat  <lale 
the  Ntirfaee  uf  1  fu*  lak^s  was  raised  and  lowrn**!  iX''ri<Hlieally  IlimuirlJ 
Ihi*  operatioJis  uf  a  |>]ac<'r  cojiq^any  wliirh  had  i'onsr  i-io'led  a  dim 
btdow  the  lowi^r  lake.-  The  I'oUowiag  nn'a.smvmi'ntsid'  ilisrharge  vv(*n^ 
made  by  A.  L.  Fellows  and  O.  0,  jVIelieynoldB  dm  ing  ISltih 

J nne  2 1 ,  gage  I lei g\i t ,  'X  Hf  ^  feet ;  il ischa r it^e .  I , ^O'^  s e con d -  fee t . 
Juut^  27,  gaj^e  height,  ;L  20  feet:  diflcharge,  0%  second -feet 
July  17,  gago  hdgljt.  3,55  feet:  disuharge.  IVJl  aet^ond- f eet. 
July  a4i  gagi*  height,  ^,50  feet:  dL^eharge,  ;IJ4  Eset^cmd-feet. 
A&K^st  14,  gage  height,  2.50  ftjut:  discharge,  li^i  i^econd-feet. 
October  13,  g»g©  height  ;  discharge,  32  second-feet. 
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Dady  gage  height^  infeet^  of  Lake  Creek  at  Twin  Lakes,  Colorado,  for  1S99. 
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ARKANSAS   RIVER   AT   (JRAXITK,  COLORADO. 

This  Station  is  located  at  th<»  wa^oii  bridge,  250  feet  from  the  rail- 
road station  at  Granite,  Colora<lo.  Th<»  gage  is  a  veilieal  2  by  G  inch 
plank  spiked  to  the  u|)i>er  end  of  the  (tenter  pier  of  the  bridge.  The 
banks  are  low  and  liable  to  overflow;  th<»  IhmI  is  nK*.ky,  and  the  cur- 
rent swift.  It  ^dll  be  impossible^  to  constrnet  a  rating  table  for  this 
Station  from  the  measurements  obtained  in  ISOO.  'Hie  results  of 
Uieasurements  may  1h^  found  as  follows:  1897,  Nineteenth  Annual 
Report,  Part  IV,  page  :554;  1898,  Twentieth  Annual  Report,  Part  IV, 
|iage  330.  The  following  discharge  measurcMnents  wer<5  made  by  A.  L. 
Fellows  during  1899: 

May  35,  gage  height,  5  feet;  discharge,  1,476  second-feet. 
July  15,  gage  height,  2.80  feet;  discharge,  1,178  second-feet. 
October  14,  gage  height,  l.GO  feet;  discharge,  130  second-feet. 

Daily  gage  height,  in  feet,  of  Arkajuuzs  River  at  Oranite,  Colorad/t,  for  1899, 
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ABKAKSaS  RJTCR   at  &AIXDA,  COLOAABO* 

Tbift  slattern  was  estAhliah<?d  April  11,  16S5,  and  ifi  loeated  al  t]i« 
^Mosioti  bridge  at  8a1ida,  CoUimda.  Tlie  ga^  eoasJsts  of  afer- 
Bcal  timber  bolted  to  the  abatouuit  of  the  bridge ;  the  banks  are  high 
and  do  not  orarAov;  the  bed  of  the  stream  eonststs  of  sand  mA 
pmvfit  l*arg**  bnwiden*  iiitrf^rfer*!  to  a  consldemble  extent  witii  tk 
•aeaiacv  of  the  n^ult^  Result^i  of  measurements  maj  be  found  t^ 
foUowa:  189f>,  Eighteenth  Aonoal  Report,  Part  IV,  page  234;  1891,: 
Kineteenth  AnooAl  Report,  Part  IV,  page  355;  1898,  Twetitlefli 
Annual  Report,  Part  IV,  pa^  331.  The  followijig  discharge  meai* 
ttrementi^  were  made  by  A.  L.  Fellows  during  l^i^t 

I  Apttl  f0v  g«0B  heigbt,  1,73  feet;  diMrharj^^  686  eecTOnd-feet. 

I  Hay  2^^  ga«e  height,  SJO  feet;  dischor^.  I,99Q  sec^^t^d  faet 

^H  Jul  J  14.  gictt  Msht,  &40  fMfe;  ditcii»^rg@,  1  ;80l  second  feet 

^r  NoTflHibir  S,  gagie  htA^%  (km  f«el;  dtiharge,  317  seoond-feeL 

[       Bailg  gage  hmght,  m  /«!,  o/  Arfe(iiiati4t  Biivr  at  Salida,  Cototnada,  for  im. 
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Closed  for  the  winter  September  30. 


ARKANSAS   RIVER   AT   CANYON,    COLORADO. 

This  station,  established  in  ]<S89,  is  located  at  t lie  Hot  Sprinors  Hotel, 
1^  miles  west  of  Canyon  and  abont  500  yards  below  the  mouth  of 
Grape  Creek.  Tlie  gage  rod  is  placed  on  the  left  hank  of  Hie  river, 
just  below  the  suspension  foot  bridge,  and  consists  of  an  inclined 
4  by  4  inch  timber  bolted  to  i^osts  set  in  the  ground.  Tlu^  station  i^ 
Hu  important  one,  as  it  is  located  at  the  moutli  of  the  canyon  aud 
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rbove  most  of  the  canal  diversions.  The  only  two  ditches  taking 
rater  above  the  gaging  station  are  the  North  and  South  Side  ditches, 
rhich  were  each  measured  three  times  during  1899,  as  follows:  On 
iLpril  27,  August  18,  and  November  7.  North  Side  ditch,  on  the  first 
late,  was  carrying  55  second-feet,  and  the  South  Side  ditch  48  second- 
lieet;  on  the  second  date  North  Side  ditch  was  discharging  35  second- 
fleet  and  the  South  Side  ditch  43  second- feet;  at  the  third  measure- 
ment of  discharge  the  North  Side  ditch  showed  28  second-feet  and  the 
Booth  Side  36  second-feet.  The  results  of  measurements  may  be 
found  as  follows:  1890,  Eighteenth  Annual  Report,  Part  IV,  page 
826;  1897,  Nineteenth  Annual  Report,  Part  IV,  page  356;  1898, 
Pwentieth  Annual  Report,  Part  IV,  page  331.  The  discharge  meas- 
urements were  made  by  A.  L.  Fellows  for  1899,  as  follows: 

April  27,  gage  height,  3.20  feet;  discharge,  611  second- feet. 
May  26,  gage  height,  4.55  feet;  discharge,  2,189  second-feet. 
July  7,  gage  height,  4.50  feet;  discharge,  2,651  second-feet. 
Aagnst  18,  gage  height,  2.90  feet;  discharge,  553  second-feet. 
November  7.  gage  height,  2.55  feet;  discharge,  306  second-feet. 

Daily  gage  fieight,  in  feet,  of  Arkannas  River  at  Canyon^  Colorado,  for  1899, 


Day.    1  JAn. 

1 

Feb. 

Mar. 

Apr. 

H.y. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Not. 

Dec. 

1 

2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.70 
2.70 
2.70 
2.7ft 

8.26 
3.10 
8.06 
2.90 
2.90 
2.90 

aoo 

a  15 
8.86 
Z.W 
a66 

aoo 

4.26 
4.50 
4.70 
4.80 
4.85 
4.66 
4.76 
4.80 
4.05 
4.40 
4.20 
4.15 
4.50 
4.t)0 
4.80 
4.81) 
4.80 
4.90 
5.00 

aoo 

a  06 

aoo 

4.75 
4.50 
4.45 
4.66 
4.70 
4.75 
4.86 
a  06 
a  45 

a  85 
aoo 
a  96 
a  96 
a  05 

6.05 

a  10 
a  10 
a  05 
a  05 
a  75 
aoo 
a  50 
a  30 
a  35 
aoo 
a  06 

4.95 

aoo 
aoo 
aoo 

4.85 
4.75 
4.60 
4.55 
4.40 
4.30 
4.30 
4.10 
4.06 
4.45 
4.25 
4.26 
4.40 
4.10 
4.U5 
4.60 
4.10 

aoo 

a  80 

a  70 
a  70 
aoo 
a  50 
a  60 
aoo 
a  56 
a  05 
a  60 

aoo 
aso 
a50 

4.10 
4.45 

a  65 
a  50 
a  50 
a  40 
aoo 
a  10 
aoo 
aoo 
aoo 

2.90 
2.80 
2.05 
3.90 
2.85 
2.80 
2.70 
3.70 
2.00 
3.00 
3.50 
2.60 
2.50 
3.60 
2.60 
3.40 
3.60 

2.00 
2.50 
2.60 
2.50 
2.40 
2,40 
2.80 
2.80 
2.30 
2.30 
2.20 
2.20 
2.30 
2.30 
3.30 
2.30 
3.00 

«::::: 

02.70 

.. 

2.<I0 

8.40 

a2.20 

02.00 

6 iib 

O2.70 

io:::::i::;::::i:::::::r.:::::: 

U ! 2.60  1    3.00      2.80 

12 , ,    8.00 

18 f 8.00 

U 2.00   ! 3.06 

15   1 3.00 

W 1 i 3.06 

17 ■ ' -       3.00 

02.40 

O2.80 

02.50 

18 

3.10  1    2.70      3.00 

3.50 
3.40 
3.40 
3.30 



03.90 

W     .  . 

! 

2.«5 
3.(10 

20 

1 

02.40 

1 

21 

» 

2.fl0 

2.75 
3.70 
2.76 
2.90 
3.05 
3.20 
3.30 
3.35 
3.40 
3.26 

1 

3.30 
3.30 
2.30 
2.30 

23   .... 

02.60 


24 

26 

3.00 

2.70 

O3.00 

26 

2.30 
3. 20 

27 

! 

28 

28 

2.00 

3.30 
2.30 
2.20 

O2.50 

80 

o2. 80 

81 



1 

o  Average  for  week. 


ARKANSAS  RIVER  AT  PUEBLO,    COLORADO. 

This  station  was  established  in  September,  1894,  and  is  at  present 
ocated  at  Main  street  bridge  in  the  city  of  Pueblo.     The  gage  is  a 

by  6  inch  plank  bolted  to  the  masonry  wall  at  the  south  end  of  the 
ridge.  The  bench  mark  consists  of  a  point  on  the  stone  coping  at 
he  8oath  end  of  the  bridge,  and  is  17.30  feet  above  gage  datum^ 
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.0(1      2,45 
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o  New  rating  table  from  Juno  21. 

6  No  record. 

c  Gaj^  licij^hts  after  July  31  are  from  city  etiK'ineor'.s  records. 

d  Au^TUst  19,  storm  in  Puoblo;  water  rose  to  7  feet  in  night. 

e  Ice  gorge;  discard  readings. 


ARKANSAS    KIVER   AT    NEPESTA,  COLORADO. 

This  station,  established  September  8,  1897,  is  looalod  1,(XX 
north  of  Nepesta,  Colorado,  at  a  wagon  bridge.  Tlie  gage  consi 
a  vertical  timber  securely  fastened  to  tlie  upstream  cylinder  of  bi 
on  the  left  side  of  the  river.     The  cliannel  above  and  below  th 
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3n  is  straight  for  several  hundred  feet,  while  the  \yed  is  sandy  and 
lifting,  and  the  results,  therefore,  are  not  altogether  satisfactory  for 
le  purpose  of  making  a  rating  table.  This  station  is  maintained  by 
he  Great  Plains  Water  Company.  The  results  of  discharge  measure- 
lents  may  be  found  as  follows:  1897,  Nineteenth  Annual  Report, 
art  IV,  page  358;  181)8,  Twentieth  Annual  Report,  Part  IV,  page 
)7.  The  following  discharge  measurements  were  made  under  the 
irection  of  A.  L.  Fellows  in  18fMJ: 

May  29,  gage  height,  4.60  feet;  discharge,  1,810  second-feet. 
Jane  7,  gage  height.  4.G3  feet;  discharge,  1,636  second- feet 
Angnst  3,  gage  height,  4  feet;  discharge,  610  second-feet. 
Angost  25,  gage  height,  3.10  feet;  discharge,  215  second-feet. 
October  2,  gage  height,  3.12  feet;  discharge,  213  second-feet 

^iiy  gdO*^  lieightj  in  feet^  of  ArkaiiH(ut  River  at  yepestUj  Coloruilo,  f<tr  ISf)9, 


Day. 


Apr.      May.     Juno.     July. 


1 

2 

3 

4 1 

5 i.  ... 

6 

7 :;;:'::;:..;. 

8 

» ""  

10 ::•*: 

u 

u ::"/: 

» 

II 

u 

u 

17....  

u 

u ; 

» 1 

» 

3.m 

3  20 

a.... 

»....: 

«.... 

« 

3  30 

».... 

3  30 

».... 

3  50 

».... 

3  .50 

a....: 

3  40 

» 

3  40 

31....  

3.r,o 

3.(10 
3.  .10 
3.  so 
.3.40 
3.30 
3.40 

3.  SO 
360 
3.70 
3.70 
3.90 

4.  SO 
4.00 
4.60 

4.eo 

4..'jO 
4.A0 
4.40 
4..^ 
4.60 
4.60 
4.60 
4.40 
4.60 
4.70 
4.  HO 
4.  HO 
4.00 
4.80 
4. 110 


4.  HO 
4.70 

4.M) 

i.m 

4.30 
4.30 
4.70 
4.70 
4.70 
4.80 
6.00 
6.80 
5.30 
5.10 
.5.30 
5.60 
6.60 
5.40 
6.  .50 
5.60 
6.  HO 
.5.70 
5.70 
5.60 
5.30 
5.30 
5.10 
.5. 10 
.5.00 
.5.10 


I 


.5.50 
.5.30 
5.71) 
5.-50 
5.20 
5.10 
5.00 
5.30 
4.90 
4.90 
4.60 
4.70 
4.30 
5.10 
5.80 
6.00 
5.90 
5.60 
5.40 
6.30 
4.90 
4.70 
5.00 
5.  HO 
4.00 
4.00 
4.(1) 
.5.00 
7.(1) 
4.  IN) 
4.  IN) 


AutiT-      Sopt. 


4.10 

3.40 

4.(1) 

3.10 

4.30 

3.10 

4.90 

3.10 

5.  HO 

3.00 

5.60 

3.  IN) 

5.10 

3.00 

4.30 

3.00 

4.80 

3.00 

a90 

2.80 

3.60 

8.00 

3.40 

3.90 

8.20 

8.90 

a7.60 

3.  HO 

4.40 

3.00 

3.60 

3.40 

3.40 

3.10 

3.10 

3.30 

2.90 

3.30 

3.40 

3.10 

3.20 

3.10 

3.30 

a  10 

3.90 

3.00 

3.00 

.3.00 

3.10 

a  10 

3.00 

a  00 

3.3r) 

a  00 

3.30 

3.00 

3. 10 

2.  HO 

.3.00 

2.00 

3.(1) 

Oct.       Nov. 


Dec. 


a«) 

3.(1) 

a  00 

3. 10 

a  30 
a  30 
a  30 
a  30 
a  10 
a  10 

3.90 

aoo 
a  10 
a  30 
a  10 
aoo 
a  10 
a  30 
a  10 
a  10 
a  30 
a  30 
a  30 
a  30 
a  30 
a  40 

3. 40 

a  so 
a  40 
a  40 
a  so 

.5.30 
3. 70 

a  70 
a  so 
a  30 
a  30 
a  50 
a  60 
a6o 
a40 
a  60 
aoo 
a6o 
a  60 
a8o 
aao 
a  80 
a  30 
a  30 
a  20 
a  10 
a  10 
a  20 
a  30 
a  30 

3. 10 

a  10 
aoo 
aoo 
a(N) 

a  10 

.<.10 

... 

a  Flfxxl  at  Puoblo. 


b  R4M*orcls  (liHcoutinued  Docomlior  2. 


ARKANSAS   RIVER   AT  ROC^KYFORD,    (X)L()RADO. 

This  station  is  Iwated  H  miles  iiorthoHst  of  Uockyford,  Colorado, 
*Bd  was  established  Mi^y  3,  18'J7.  Tlu»  gage  consists  of  a  vertical 
b'lDber  fastene<i  to  tin*  abutment  of  the  wagon  bridge  on  the  left  side 
*  Ihe  stream.  Both  banks  are  h)W,  but  not  liable  to  overflow,  except- 
ing at  very  high  wat«M*.  The  l>ed  is  sandy  and  shifting.  S.  W. 
'jessy,  commissioner  of  Colorado  irrigation  district  No.  17,  is  the 
Dluntary  observer.  On  ()ctol)er  10  Rockyford  <litch  near  by  was 
leasured  at  the  rating  flume,  at  a  gage  height  of  1.13  feet,  and  gave 
discharge  of  41  secoud-feet.     The  results  of  measurements  may  he 
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fauad  aa  follows:  189B,  Twentieth  Anaual  Report,  Part.  l\\  page 
Tbo  loeaaiireDieiitiS  for  1  Silf^,  made  by  A.  f^.  Fellows,  ar^  as  folios 

Maf  80*  gag©  height,  1.88  feet;  dischnrif^,  1,042  Beoond-feet. 
O^^ber  16,  gftgQ  height  QM  foot;  dificharge,  im  aacondfeet 

DaiiU  g<^  height,  inf^t,  of  Arkanms  River  at  Rockuford^  Colorado,  for 
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ABEANSAS    RIVER    AT    LA    JUNTA,    COLORADO. 

This  statinji  is  situatod  iit  y\\v  liead  nf  tiir  Fort  Lyons  ^-anal. 
uremeuts  beiog  takeu  fjf  the  waiter  in  the  rating  fliiriit^  i>f  thn 
of  that  in  its  wast^way,  and  uf  that  pussinj;  over  the  dam  a!  ih 
of  the  canal.  The  station  in  inaintajned  tiy  Tht>  Great  Plains 
Company.  On  May  ^Jl>,  at  )S,ii^^  height  of  3-1)0  feet,  the  rlLsehj 
the  canal  wafi  772  Kecond-feetj  and  22  »eL*ond-feet  was  \n  the 
way.  October  17  the  canal  was  carrying,  at  n  gage  liei^L^lit  of  I A 
a  discharge  of  IbW  yecoud-feet,  with  44  second -feet  m  the  wa.- 
ContinuoiiM  records  of  gage  heights  were  not  kept  tliroughout  tb 
Three  mea-siirements  of  disehargo  were  made  by  A.  L.  Fellows 
amount  of  water  passing  over  the  dam,  for  the  purpose  of  seci 
ratiog  table  for  the  form  of  weir  of  which  the  Fort  Lyfins 
typical.  The  first,  on  May  3i>,  at  a  g^igc  height  of  0,05  foot, 
discharge  of  246  second-feet.  The  .second,  on  .hine  13,  with 
height  of  0.47  foot,  showed  a  discharge  of  867  .seeonti-feet,  « 
last  measurement,  on  June  30,  with  a  gage  height  of  0.67  foot, 
dincharge  of  1,161  i^econd-feeL 
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PURGATORY  RIVER  AT  TRINIDAD,   (COLORADO. 

This  stream  is  one  of  the  principal  tributaries  entering  the  Arkansas 
iver  from  the  south;  it  rises  in  northern  New  Mexico  and  flows  in  a 
ineral  northeasterly  direction  across  the  plains,  entering  the  main 
ream  a  short  distance  below  Las  Animas.  Tlie  rod  is  attached  to 
le  downstream  side  of  tlie  cylindrical  pier  of  the  Las  Animas  street 
ridge  in  the  city  of  Trinidml,  and  has  been  maintaine<l  for  a  num- 
Br  of  years.  Owing,  however,  to  the  unsiitisfactory  condition  of  the 
ver  at  this  locality,  the  stntion  was  discontinued  July  31,  1890. 
he  results  of  measui'ements  may  1k»  found  as  follows:  18i)(>,  Eight- 
mth  Annual  lleport.  Part  IV,  page  232;  181)7,  Nineteenth  Annual 
eport,  Part  IV,  page  350;  1808,  Twentieth  Annual  Report,  Part  IV, 
Ige341.  Two  measurements  of  discharge  were  made  in  1800  l)y 
.  L.  Fellows.  The  first  one,  on  April  28,  at  a  gagi^  height  of  3.60 
set,  gav«»  a  <lischarge  of  52  secoml-feet;  one  on  July  12,  at  a  gage 
iight  of  3.30  feet,  showed  a  discharge  of  4  s(»cond-feet. 

Daily  gagr  height,  in  feet,  of  Purgatory  River  at  Trinidad,  Colorado,  for  tS99, 
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ARKANSAS  RIVER  AT  AMITY   CANAL   HEAD  GATES,  COLORADO. 

This  Station  is  located  at  the  hea<l  of  Amity  eaiial,  7  miles  west  of 
luiar,  Colorado,  and  is  maintained  by  the  Amity  Canal  Company. 
le  observations  here  are  not  as  satisfacrtory  as  they  might  l)e  for 
terinining  the  total  flow  of  the  riv(?r.  The  following  meiusurements 
jre  made  by  A.  L.  Fellows  on  the  eanal  and  wasteway:  May  31,  the 
nal,  at  a  gage  height  of  2.G3  feet,  was  discharging  249  second-feet, 
lile  thore  were  120  second-feet  in  the  wasteway;  on  June  18  the 
lount  of  water  in  the  wasteway,  at  a  gage  height  of  2.15  feet,  was 
1  second-feet.  No  measui'ements  of  the  main  river  were  made  dur- 
g  1S90. 

The  Arkansiis  River  at  the  head  of  the  Colorado  and  Kansas  eanal, 
miles  west  of  Lamar,  was  measure*!  September  8,  1800,  and  at  a 
go  height  of  0.20  feet  on  the  dam  was  discharging  10  second- feet. 
IBR  37 5 
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ARKANSAS  RIVER  AT  HUTCHINSON,  KANSAS. 

The  Arkansas  River,  after  crossing  the  Kansas  and  Colorado  State 
line,  is  not  systematically  measured  until  Hutchinson,  in  about  the 
center  of  the  State,  is  reached.  The  station  here  was  established 
May  13,  1895,  and  is  located  at  the  wa^on  bridge  at  the  south  end  of 
Main  street.  The  gage  consists  of  an  oak  timber  spiked  to  a  pile  a 
tevr  feet  above  the  bridge.  Bencli  mark  No.  1  is  the  upper  crosspiece 
of  the  pier  guard,  with  an  elevation  of  8.35  feet  above  zero  of  the 
gage.  Bench  mark  No.  2  is  the  top  of  the  inm  dooi'sill  of  the  lirst 
"brick  building  next  to  the  river,  and  its  el(*vati(m  is  8.12  feet  alK)ve 
gage  datum.  The  channel  is  straight  for  some  distance  above  and 
"below  the  bridge;  the  l>ed  is  sandy  and  very  shifting.  Results  of 
measurements  may  be  found  as  follows:  1800,  Eighteenth  Annual 
Keport,  Part.  IV,  page  233;  1897,  Nineteenth  Annual  Report.,  Part 
IV,  page  301;  1S08,  Twentieth  Annual  Report,  Part  IV,  page  343. 
Discharge  measurements  for  1800  wt^re  nmde  by  W.  (4.  Russell,  Jis  fol- 
lows: 

May  2,  gage  height,  1.45  feet;  discharge,  G;{  second-feet 

Jnne  18,  gage  height,  3.05  feet;  discharge,  2,700  second-feet. 

Jnne  14,  gage  height,  3.85  feet;  discharge,  2,772  second-feet. 

C^ctober  17,  gage  height,  1.20  feet;  discharge,  30  second-feet. 

Daily  gage  height^  infeet^  of  Arkatmcui  River  at  Hutchinsim,  KauHOH^'for  1S99, 
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a  Fnjzon. 
VERDIGRIS  RIVER   AT   LIBERTY,  KANSAS. 

This  river  rises  lu  the  Hoiithe-asteni  comer  of  Chase  County,  Kan- 
and  has  a  general  southerly  direction,  passing  out  of  the  State 
near  Coffeyville  int4)  Indian  Territory.  It  enters  Arkansas  Rv^^t  \. 
mile  above  the  mouth  of  Grand,  or  Neosho,  Bivet  iie»x  "©oxX*  Qf^Q»Kstv- 
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It  In  oHaentiuUy  a  ^^urffWH.t  nm-ofT  HtiM^am;  its*  wjiUir  in  imidtlv,  Uie  M 
flocK^  larf^is  file  suiniiH^r  titiw  suiaU,  and  thi3  fluctuation!*  in  height 
rtipic).  ITit^ro  art*  h  mimlMjr  of  fin*'*  wivftT  powi^rs  locatc^d  on  the  mm 
utreaiii  aad  it**  various  tributaries,  imti  many  of  them  wen*  uttlisEed 
scvoral  >'oar»  ago.  In  tlio  years  1880  to  1890  \i  in  said  that  there  witii 
t^everi  ^Innm  oh  th*^  Venligris  Hiver^  but  at  the  pn^^aeiit  time  not  uior^ 
than  three  nr  Tour  an^  ntillKC^K  The  draiimgc*  an^  is  nia{»ped  on  iW 
IndojK*mlenei%  Fn^doiua,  EmiKsria,  Eurt^ka,  8Man,  Eldorado,  Ot* 
toil  wood  FallH^  ParkiTville,  Ni*w1.on,  and  Abilene  atlat^  tsheet^,  Thi 
station  waH  establiiihtHl  in  Anj^uj^t,  lsft5^  and  is  loeatinl  at  a  wagon 
ridj^e  al>ont  t?50  feet  1h^I(»w  MeTag^arL^Ji  mill  dam,  alxjut  3  miW 
u til  went  of  the  iovni  of  Lilwrty,  Knn.saH.  The  ga|fe  ia  a  vertical  tiin- 
r  fastened  Ut  tho  flofn-  of  the  mill.  Boneh  mark  No.  I  in  the  hemls  i>f 
thrfM*  large  nails  in  thi*  flume,  and  it*  at  an  elevation  of  VZACt  feet  atop 
the  znni  of  the  gage.  Beneh  mark  No,  2  is  the  head  iif  a  spike  in  ih^ 
riRjt  of  a  c<Jttonwood  trtM?  ^0  foet  sonth  of  the  gage,  and  is  at  an  elt^va- 
ion  of  10/J8  feet  above  gjige  dulunL  The  bed  is  roeity,  eomiHJewHluf 
gravel  and  subject  to  very  little  (diange.  The  results  of  measniv- 
ment»  may  Ixi  found  im  follows:  IHW^^  Eighteenth  Annual  Re{*«r*? 
Part  IV^  page  :?35;  18ti7,  Ninetot^urh  Annual  Kei>ort,  Part  IV,  pm^ 
300;  18fl8,  Twt-ntietli  Annual  ReiKjrt,  Part  lY,  pa^e  IIU.  Tlie  fMyyf- 
ing  diseharge  measurements  were  mail©  by  E.  C.  Murphy  and  W.  tJ. 
RuwHoll  during  ISDti: 

Mjty  19*  £age  heigh tf  3,08  faet;  discharge ,  311  secoad-feeL 
Jnne  10,  g»g«  height,  31.30  feet;  dischargts,  1(1, DOC  second-feet 

July  0,  gHge  height,  21,50  feet;  disc  barge,  lti,riOri  soc-ouil-feet. 
Of  tolH*T  1 ! ,  ;:Hge  lici^h  t ,  1 .  T<  ^  f  ee  t :  tli  sc  h  ar ge  ^  17  »*sco  ud  -  feet  ♦ 

I ifj iljf  t/tt*j*'  hi'fffht,  hi  fi'ti^  (if  Vf  nHip*f^'^  Rirfr  tit  htin'ri fj ,  Knn^ns,  f(tr  IS''KK 
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NEOSHO  RIVER  AT   lOLA,  KANSAS. 

This  river  drains  a  long,  narrow  strip  in  southeastern  Kansas, 
(tending  into  Indian  Territory.     The  upper  part,  of  the  basin  has 

general  east- west  direction,  draining  the  area  immediately  south 
f  Kansas  River  and  north  of  the  headwatx^rs  of  Verdigris  River. 
lie  general  direction  of  the  river  ])ends  gradually  southward  between 
nixK)ria  and  lola,  and  that  direction  is  maintained  for  the  rest  of 
s  course.  Neosho  River  in  Indian  Territory  is  known  as  Grand 
liver.  During  the  last  season  two  gaging  stations  wore  maintained 
I  the  basin — one  at  lola,  the  oilier  at  Fort  (xibson,  near  the  mouth. 
"he  former  station  was  established  in  July,  1<S05,  and  is  located  at  the 
igbway  bridge  1  mile  west  of  the  city  of  lola,  Kansas.  The  gage  is 
aaten(Kl  to  the  head  gates  of  the  flume  about  OO  feet  above  the  bridge. 
Tie  bench  mark  is  the  heads  of  three  large  nails  driven  into  the  cross- 
►iece  of  the  flume,  and  is  l.'^.3()  feet  above  the  datum  of  the  gage, 
tesults  of  measunMnents  may  be  found  as  follows:  ISIMJ,  Eighteenth 
Annual  Report,  Part  IV,  page  2'J8;  1897,  Nineteenth  Annual  Report, 
*art  IV,  page  3r>2;  1808,  Twentieth  Annual  Report,  Part  IV,  page 
46.  The  following  discharge  measurements  were  made  by  E.  C.  Mur- 
»hy  and  W.  G.  Russell  during  1899: 

May  18,  gage  height,  2.70  feet;  discharge,  242  second-feet. 
Jnne  9,  gage  height,  18  feet;  discharge.  27,959  second-feet. 
July  5,  gage  height,  8.20  feet;  discharge,  6,313  second-feet. 
Jnly  8,  gage  height,  16.70  feet;  discharge,  25.849  second-feet. 
October  11,  gage  height,  2.30  feet;  discharge,  316  second-feet. 

Daily  if(tge  height,  in  feet  ^  of  Neosho  River  at  lola,  Katutaa,  for  JS99, 
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OPEEAHONS   at    KIVER   CTATIOHB,  1S99. ^PART    IIL 


GBANTI    RIVEB   AT   KORT  tJlBSON,    INDIAN   TERRITOHY. 


In  Hn  lower f'iour^e  throngh  IndiAti  Territory  Neosho  River  is  known 
Bfi  (4mn4  River.  The  litatiou  was  erttabliBhed  by  W.  G,  Rubhi41,  Mhj 
16,  18*^*9,  at  the  railrriad  bridge  one-half  mile  north  of  the  station  Ml 
Fort  Gibson  and  3  miles  abovo  the  mouth  of  l\m  river.  The  rotl  m 
r^^dked  to  the  ties  of  the  bridgi^  The  initial  point  fur  m>undiiip  i§ 
pi&  left  end  of  the  bridge.  The  channel  m  E^traight  for  some  distance 
Ijotli  aliove  and  l>ebiw  the  station.  The  right  bank  is  liable  t4»  over- 
flow, while  the  lefti  is  not,  being  high  and  r<x;ky.  The  bed  of  lh6 
stream  is  mndy  and  shifting  at  the  right  side  and  toward  the  c^^nter. 
W,  Bhiekwell,  railroad  pump  man.  In  the  observer.  Two  mea^^nn^ 
menlA  of  discharge  were  made  here  by  W*  G.  RuHsell  daring  1^99. 
The  ftmt  one  was  on  May  16,  at  a  ga^^e  height  of  15,00  feet^  and 
tihowed  a  discharge  of  19^825  «e4X>nd-feetj  the  second  mc^surt^nieiit 
wa8  on  October  12,  with  a  gage  height  of  9.20  feet,  and  gave  a  dis- 
charge of  1,070  seoond-feet. 

Daity  ynge  ^t^ht,  infect^  of  Grand  Ri^mr  at  Fort  Qibmm^  Indian  TerrUorjf^ /<» 
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NORTH   PORK   OF   CANADIAN   RIVER  AT   OKLAHOMA,    OKLAHOMA. 

This  stream  rises  in  the  extreme  northeast  corner  of  the  panhandle 
of  Texas.  Its  general  course  across  Oklahoma  and  Indian  Territory 
is  southeasterly,  emptying  into  the  main  Canadian  River  45  miles 
above  its  mouth.  The  b^isin  is  a  long,  narrow  area  locateil  l>etween 
Cimarron  River  on  the  north  and  the  main  Canadian  River  on  the 
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Two  gaging  stations  are  maintained  on  the  river,  one  at 
>ma,  Oklahoma,  and  the  other  at  Eufaula,  Indian  Territory. 
>rmer  station  was  established  by  W.  G.  Russell  May  19,  1899, 

located  at  the  highway  bridge,  east  of  the  Atchison,  Tojxjka 
.nta  Fe  Railroad  bridge,  one-half  mile  south  of  the  town.  The 
lank  is  high,  but  the  left  is  low  and  liable  to  overflow.     H.  E. 

a  farmer  living  near  by,  is  the  observer.  Two  measurements 
jharge  were  ma<le  by  W.  G.  Russell  during  1890,  as  follows: 
•St,  on  May  19,  at  a  gage  height  of  5.50  feet,  gave  a  discharge  of 
3ond-feet;  the  second,  on  ()ctol)er  15,  at  a  gage  lieiglit  of  2.80 
lowed  a  discharge  of  22  second- feet. 

iQe  height,  in  feet,  of  North  Fork  of  Catiaduin  River  at  Oklahmmi,  Okla- 
homa, for  1S90, 
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FORK   OF   CANADIAN   RIVER   AT   EUFAULA,  INDIAN  TERRITORY. 

;  station  was  establislied  by  W.  (t.  Russell  May  17,  1800,  and  is 
1  at  the  railroad  bridge  of  the  Missouri,  Kansas  and  Texas 
ad,  5  miles  al>ove  the  mouth  of  the  river  and  2  miles  north  of 
wn  of  Eufaula.  The  channel  is  straight  for  some  distance  both 
and  below  the  station.  The  right  bank  is  high,  but  the  left 
s  low  and  liable  to  overflow.  The  l)ed  of  the  stream  is  sandy 
lifting.  II.  Erwin,  railroad  pump  man,  is  the  observer.  Two 
rements  of  discharge  were  maile  during  1800  by  W.  G.  Russell: 
•st,  on  May  17,  with  a  gage  height  of  24.00  feet,  gave  a  discharge 
)72  8econd-ft*et;  the  second,  on  October  13,  with  a  gage  height 
)  feet,  gave  a  discharge  of  154  second-feet. 
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WASHITA   BrVUtt  AT  PAULS  VALLEA%  INDIAN  TEKttlTORY. 


Thin  river  riso«  in  the  e-asti^rn  inlgB  of  the  Tex  us  Pnnhandle,  itiim^ 
lUatoly  sdiith  of  (^madijiu  lliviM-,  Its  ;r<*TH'nil  "Hroi-Mnn  is  Mnitlu^a^t-  | 
eriy  tliroii^li  OkhLlumui  Tt^iTitui'v,  and  \\n'i\  itilo  Indian  'ri'rii1<try. 
eniptyiri^  inh*  li**ri  Uivor  alHint  11  niiics  abnvf  tin*  m>s.*^in^uf  \\\^ 
Missouri,  Kansas  an tl  Tt^xa^  KailiMa*!.  'j^la*  ^ruijiiv^^UilHin  vva?i  ^^stjilt- 
liwlnHl  hy  W.  <K  Kusst^ll  un  >Iay  l^K  ISs^K,  arnJ  is  lumti^d  at  lln^liigli- 
way  brid^t%  2  milesoiiMl  of  IhiMowricif  l*auls  ^'al^\\^  Trnliaji  Ti^rril^^rv- 
Till'  (.ininjH'l  isslrai^d^t  U>v  s(nn(Mli,K:aiM"^*  alHivrand  ht'luwili*/  station; 
tin'  ri^dil  hank  in  luvv  and  liaUlr  to  itvrrnnvv.  hai  \\u^  \%^U  i^ank  Is  iiifli^ 
THb  bod  of  tho  Htream  ik  sandy  and  sSnftinfi:,  Two  rjn:a8unnui'Uii*<*^ 
tlisrhjirp*  w*3rfMnadr  at  thihi  point  IjyW.  (t.  Russtdl  in  l^nt*;  T I n^  first, 
on  May  21^,  vvitli  a  \i,\v^i3  Indtrld.  of  S.5U  f^^L^t,  pivo  a  disrhar^u  of  iV*^ 
«^cond-fi.H.*t ;  tlR*  .siM'ond,  annl*'  <ni  Ortohi^r  lo,  at  a  y:Hgo  hui^drt  of  1,<H^ 
foet,  g»ivo  a  d isirhar^^e  of  liii  ^cfomi-fuLa. 
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height,  in  feet,  of  WanhUa  River  at  Pauls  VaUey,  Indian  Territory, 
for  1890, 
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TRINITY   RIVER  AT  DALLAS,   TEXAS. 

iver  rises  in  Montague  and  Cooke  counties,  in  northern 
le  headwater  streams  draining  the  area  within  a  few  miles  of 
^er  on  the  north.  The  general  courae  of  Trinity  River  is 
terly,  and  it  empties  into  the  Gulf  of  Mexico  at  Galveston, 
re  basin  is  locat<3d  in  Texas.  The  station,  established  Octo- 
98,  is  locate<l  at  Turtle  Creek  pump  house,  3  miles  north  of 
[r-house  in  Dalhw.  The  height  of  the  water  is  indicated  by 
•  which  slides  up  and  down  in  the  well  of  the  pump  house. 
I  is  connected  with  the  river  by  a  pipe.  Meiusurements  of  dis- 
re  made  by  wading.  The  channel  is  i)ract  ically  straight  above 
w  the  point  of  m<»jisurement.  Th<»  right  bank  is  high,  the  left 
i  an<l  liable  to  overflow.  The  l>ed  of  the  stream  is  of  gravel 
ting.  Thei-e  was  no  discharge  of  the  river  from  June  22  to 
30.  Thre<^  discharge  measurements  were  made  during  1899 
las  U.  Taylor,  as  follows:  The  first  one,  on  June  20,  at  a 
ght  of  57  f(iet,  gave  a  discharge  of  269  second-feet;  June  22, 
leight  of  53.30  feet  gave  a  discharge  of  0  second-feet;  the 
jasurement  was  on  DecemlK^r  20,  at  a  gage  height  of  56.60 
I  gave  a  discharge?  of  336  second-feet. 
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5ft- «» 

wi  ai 

^t 

a.»5    nnio 

5:1.10     74.45 

» 

fift-an 

6t.S0 

50,  «V 

'^'^^l 

«i.an  ..„,.. 

^     BRAISOS  RIVRR  AT  WACO,  TEXAS, 

ThiH  rivur  has  its  miurce  in  the  Stakeil  Plains  region  of  ^ 
Texfwi,  nnd   lins  a  t^mn^ral  HontlipiksteHy  eoiir?^,  emptying  ii 

Gulfnf  Mi»xif*>  suiitli  of  tlu'  iiHJUlli  of  'I'rinity  River.  Tt^  d- 
bitHJii  iM  oiilil'ely  with  in  Hh*  Slat^.■^  of  Toxas.  'J' he  pi^in^j:  s 
estahliMhed  hy  T.  V.  Taylor  S<^pleinbei'  14,  ISits,  ]s  hx^jLtcnl 
Ansliri  strert  hridi^^e,  norlhwest  of  Wat^o,  The  ^^a,u:e  is  ineliu 
elisLTiTirl  Hinii^Hil,  iinil  tlic  hsiuk.s  hi;jth.  'Hw  ImhI  i^f  the  ?stn*ii 
ishiftin^^' saiuL  MejLsui"4*ijienls  of  tliselta:"i;i*  iuive  \n*vn  iiia<Je 
the  .siisiH^tisioii  hridj^^e  aljovt'  ific  railroad  laidij^r.  TtidiT  ilie 
at  low  vvatt*r,  is  a  sand  l^ar.  vvhitdi  dors  not,  iiowi^ver,  aiT 
ndiability  of  the  uioasnreaierits»  as  tlicre  an^  llieii  two  dif*liiie 
ue1f4.  Thn^e  aa^usureineiits  of  disehar^'e  wvro  iiiaiie  in  ISUt*  ]>v  ' 
U.  Tayl<*i*:  1'hi' lirst,  <)a  J imm^  t!J,at  a  iJfa^^i*  hoi^rhlof  l?S..5o  ft*td,sl 
dim.diarj^e  i*f  5S,7Ui>  ?<ecoiid-feet;  the  iriea.sinvtnent  of  Juiu' 
ga*;t*  hei^-ht  of  O.!>0  feet,  f^avt*  a  diMeharj:!.'  of  4,4-!0  M'rt)nd-h*rr 
tin*  thini  lai-asurenient^  on  iJeeeiufjiM'  3i»,  al  a  i^VHge  lud^ht  of  4* 
whowed  a  diweliarije  of  2,0^^5  socuiid-feet. 


i 
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DaUy  goQe  height^  in  feet^  of  Brazos  River  at  WacOj  Texas^  for  1899, 


3«y. 

Jan. 

FelK 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept 

Oct. 

Nov. 

Dec 

6.80 
4.90 
4.46 
4.20 
4.06 
3.96 
3.85 
3.86 
3.96 
4.26 
6.46 
9.76 
8.00 
7.55 
6.70 
6.00 
5.80 
5.70 
5.16 
4.96 
5.86 
9.40 
6.65 
6.20 
6.10 
5.76 
5.50 
6.06 
4.96 
4.86 
4.70 

17"."! 

i» 

19 

» 

a 

B 

B 

M 

B 

B 

!J 

B 

B 

» 

a 

2.  TO 
2.66 
2.60 
2.50 
2.50 
2.  GO 
2.60 
2.50 
2.  GO 
2.50 
2.  GO 
2.50 
2.50 
2.50 
2.80 
2.46 
2.40 
2.40 
2.46 
2.50 
2.  GO 
2.66 
2.40 
2.50 
2.50 
2.40 
2.40 
2.40 
2.36 
2.40 
2.80 

2.30 
2.86 
2.40 
2.40 
2.40 
2.86 
2.40 
2.26 
2.26 
2.40 
2.40 
2.30 
2.80 
2.80 
2.30 
2.30 
2.40 
2.40 
2.40 
2.36 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.20 

2.20 
2.26 
2.20 
2.20 
2.16 
2.10 
2.10 
2.00 
2.20 
2.06 
2.00 
1.96 
1.90 
2.00 
2.00 
2.00 
2.00 
2.00 
2.10 
1.96 
1.90 
1.90 
1.80 
1.90 
1.80 
1.90 
1.90 
1.90 
1.86 
1.80 
1.80 

1.80 
1.90 
1.90 
1.90 
1.90 
2.20 
2.10 
2.10 
2.10 
2.10 
2.06 
1.96 
1.80 
1.90 
5.90 
2.75 
2.56 
2.60 
2.46 
2.40 
2.35 
2.30 
2.30 
2.30 
2.20 
2.1.'» 
2.30 
2.20 
2.10 
2.05 

2.10 
2.06 
2.00 
2.40 
2.70 
2.70 
2.60 
2.60 
2.66 
3.15 
5.10 
6.26 
5.75 
4.70 
4.05 
4.20 
4.80 
6.20 
5.65 
4.80 
4.30 
4.10 
3.75 
4.50 
H.40 
5.86 
.5.45 
5.05 
5.00 
7.26 
6.50 

6,00 
6.46 
4.76 
4.25 
4.00 
3.70 
3.85 
7.40 
10.30 
9.46 
7.95 
7.40 
7.10 
».00 

«.:jo 

6.60 
10. 00 
6.55 
18.50 
20.70 
18.05 
10.35 
9.10 
8.30 
7.35 
6.85 
6.30 
6  10 
oO.OO 
al2.00 

al5.00 
17.00 
12.46 
11.25 
14.86 
13.60 
12.20 
10.10 
9.00 
8.40 
8.36 
7.50 
6.05 
6.50 
6.25 
5.90 
5.70 
5.66 
5.40 
5.30 
5.15 
5.00 
5.30 
9.95 
9.00 
8.30 
7.25 
6.60 
6.10 
6.90 
5.70 

6.30 
6.00 
4.90 
4.70 
4.20 
3.96 
8.75 
3.60 
3.60 
3.50 
3.40 
8.30 
3.30 
3.15 
3.10 
3.00 

3.a) 

2.96 
2.90 
2.80 
2.80 
2.70 
2.70 
2.70 
2.60 
3.55 
3.50 
3.50 
3.50 
3.50 

2.46 

2.40 
2.80 
2.40 
2.30 
2.80 
2.30 
2.30 
2.30 
2.20 
2.15 
2.10 
2.10 
2.10 
3.10 
2.05 
3.10 
2.15 
3.10 
2.10 
2.30 
2.65 
3.45 
2.40 
2.30 
2.40 
3.40 
3.35 
3.30 

1.10 
1.10 
1.10 
2.00 
2.00 
2.00 
2.00 
1.90 
1.90 
1.05 
1.95 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.95 
2.26 
2.55 
2.50 
9.15 
11.00 
8.30 

7.10 
6.66 
6.10 
6.66 
6.30 
5.00 
4.75 
4.86 
4.10 
3.86 
3.70 
3.60 
3.50 
3.40 
3.30 
8.80 
3.15 
3.10 
3.30 
5.90 
19.85 
21.86 
11.86 
8.90 
8.40 
7.26 
6.70 
6.20 
5.00 
6.46 

a  Eattnuited. 


BRAZOS  RIVER  AT  LEWIS,   TEXAS. 

Ilia  station,  established  by  Thomas  U.  Taylor  February  22,  1898; 
t  the  International  and  Great  Northern  Railroad  bridge  about  1^ 
68  Bouthwest  of  the  town  of  Lewis,  Texas,  and  about  75  miles  below 
station  at  Waco.  After  the  establishment  of  the  Waco  station 
one  at  Lewis  was  not  of  much  importance,  and  was  discontinued 
iruary  25,  181)9.  No  measurements  of  discharge  were  made  here 
ing  1899. 


Daily  gngt*  fieighty  in  fret,  of  lirttzos  Ri^H'r  at  Ijetpis,  TejroH,  for  /«V.W. 


>»y 


1... 


Jan. 


4.40 
4.40 
4.36 
4.80 
4.40 
4.70 
4.56 
4.50 


Feb. 


4.8f) 
4.26 
4.20 
4.30 
4.20 
4.10 
4.15 
4.20 


Day.  !    Jan. 


9... 
10... 
11... 
12... 
13... 
14... 
15... 
16... 


Feb. 


4.50 

4.30 

4.60 

4.3r) 

4.80 

4.20 

5.L'i 

4.30 

6.45 

4.20 

6.25 

4.30 

5.10 

4.30 

4.85 

4.20 

Day.  :   Jan. 


17.. 
18.. 
19.. 
30.. 
21.. 
22.. 
23.. 
34.. 


4.011 
4.45 
4.40 
4.40 
4.40 
4.36 
4.35 
4.30 


Fob. 

JDay. 

Jan. 

FtO>. 

4.30 

35... 

4.30 

4.30 

4.30 

26... 

4.25 

4.20 

27... 

4.30 

4.20 

28... 

4.15 

4.20 

29... 

4.05 

4.30 

30... 

4.15 

4.30 

31... 

4.20 

4.30 

Station  discontinaed  February  35. 
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COLOHADU   RIVER   AT  AUSTTN,   TEXAS. 

T1it8  river  drains  a  larg^  ai^a  m  central  Texas,     It  rises  in  ^h  [ 
ext nMii*-  wei%terD  pc^rtiiin  of  the  Stat^?,  within  a  few  miles  of  thi*  v,v^\m 
l>iiuiidary  of  Now  Mexico,  and  flow»  in  a  gTeneral  southea8t4?rlv  "iim"^ 
tlon,  ftiiiptjing  into  the  Gulf  of  Mexico  in  Matagonla  County.    lH 
hciwi^wat'er  tributaries  drain  the  country  immediately  south  nf  rhn 
Brrt5£os  River.     Llano  Croek    is  a  tributary*  of  Colorado  Ri\Tr  »ii4l 
emptiei]  int4i  it  85  miles  above  Austin,     On  Mart^h  14, 1800,  thife«tr?«Bi| 
was  meai4ured  ono-half  mile  we«t  of  the  station  at  Llano,  Texa^sasll 
showed  a  discharge  of  76  He<3ond-feot ;  a  fM*e*ond  mea^surement  wtfj 
nuKle  liclow  on  thin  crr^k,  20*)  yai^s  al>ove  it«  junction  yinth  thr  W 
orado  River  at  Kings  land,  on  the  same  date,  which  also  showed  I 
discharge  of  7t>  seeoiHl-feet,     On  March  13  the  main  Coloratlu  Rivfrj 
at  a  short  distance  below  the  wagon  bridge  near  Marble  Falls,  Te%m\ 
showed  a  discharge  of  11»7  second-feet.     The  river  was  also  mefisa 
lour  times  at  the  head  of  Lake  McDonald,  about  20  miles 
Anstin.    On  Janaiiry  31  it  showed  a  discharges  of  i?10  second- feet;  oi| 
October  3  the  discharge  was  KM  second-feet;  on  October  4  the 
charge  was  also  134  second- feet;  and  on  the  same  date,  at  anotis 
section  near  by,  the  discharge  was  136  second-feet.     On  March  15 1» 
measurements  were  made  at  the  power  liouse  at  the  Austin  dam.    Tbf J 
flpst  mea«^nrement  whs  in  the  fore  bay,  and  showed  a  diaehai^eof  Mi 
second-feet;  immediately  afterwards  the  t4dlraee  was  nieasuruil  nnil| 
showed  a  discharge  of  233  second -feet.     The  fetation  uiaintaine*]  (iitr- 
ing  l«i*9  is  loeatt^rl  at  the  (-ongr^ss  ii  venue   l)i'idge,  son  tit  of  the  HtJ 
of  Austin,     The   gage  hrI   is  a  vertical   tiuilH^r  atiaciicd   to  a  brttt 
house  near  by.     The  l)euch  mark  is  ou  tlie  first  flange  aliove  tJun'rib- 
work  uf  tiie  nortli  pii^r  uf  Ihe  hiirlivvay  Ijridge,  and  is  4.7S  ft*et  .ilKi^'^ 
tlie  Kcro  of  1h*^  gage.     Tlie  following  mt^iusurements  of  disi^'har^^Mvure 
made  bvTIioinjis  IT.  Taylor  during  181K>: 

March  17,  gaju^e  b eighty  1.T0  feet;  discharge,  t2G7  aeoond-fet^t, 
March  til,  gupie  height,  l.r>(J  feet-  diachargitj,  1 70  J^ei'onil-feet. 
Ncjvoiiiber  ni,  ga^^e  lieight,  t.7!  feet;  disclittrge,  476aHrontl-feet. 
Noveml*er  UK  gii>^  height,  l.r>(J  feet;  dit^cliari^e,  niSO  secotnl-feet. 
NovfimWr '28,  i^age.  height,  2.80  feet;  discharge,  l.l5tj  t^orond-fet^t 
December  i).  gage  height,  :^,U'^  feet;  discharge,  \j^i>  dec4iud-feet 
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DaQy  gage  Tieight,  in  feet,  of  Colorado  River  at  Atutin^  Texas^  for  1899, 


D*y. 


1 

2 

8 

4 

5 

• 

7 

8 

9 

10 

U 

12 

13 

14 

16 

17 
IB 
19 
90 

a 

18 
2B 

M 

95. 
95. 
97 
9B 
99, 
80 

a 


Jan. 

Feb. 
3.00 

Mar. 

Apr. 

«•' 

Jane. 

July. 

Aug. 

Sept. 
1.46 

Oct. 

Nov. 

Dec. 

1.90 

1.86 

1.46 

2.05 

3.00 

3.86 

3.10 

1.05 

2.80 

2.66 

1.86 

1.96 

1.86 

1.45 

2.05 

3.20 

3.85 

2.46 

1.46 

1.06 

2.86 

2.50 

1.85 

1.90 

1.76 

L46 

2.00 

2.96 

3.56 

2.30 

1.46 

.90 

2.10 

2.60 

1.95 

'    2.06 

1.86 

1.45 

2.10 

3.55 

3.50 

1.96 

1.46 

.86 

2.10 

2.20 

1.95 

1.96 

1.86 

1.56 

2.00 

3.15 

3.65 

1.80 

1.46 

.90 

1.96 

2.05 

1.95 

1.90 

1.85 

1.50 

2.05 

2.85 

3.45 

1.70 

1.40 

.90 

1.96 

2.06 

1.85 

1.90 

1.90 

1.50 

1.95 

11.35 

3.15 

1.75 

1.40 

.85 

2.00 

2.06 

1.96 

1.85 

1.80 

1.46 

1.85 

21.05 

2.95 

1.75 

1.40 

.80 

1.90 

2.40 

1.95 

1.90 

1.86 

1.46 

1.95 

17.60 

3.60 

1.65 

1.40 

.85 

1.80 

2.75 

1.95 

1.90 

1.80 

1.45 

2.00 

14.75 

3.25 

1.65 

I.a5 

.90 

1.75 

3.46 

1.95 

1.90 

1.75 

1.45 

2.(W 

9. 00 

3.00 

1.65 

l.:)5 

.90 

1.70 

6.40 

2.IJ6 

2.10 

1.75 

1.45 

4.10 

5.30 

2.  HO 

1.55 

1.35 

.90 

1.65 

5.86 

lift 

1.95 

1.75 

1.50 

7.95 

4.45 

2.65 

1.55 

I.a5 

.90 

1.60 

4.30 

l.WI 

l.HT) 

1.75 

1.55 

7.10 

4.10 

2.50 

1.56 

1.35 

.90 

1.65 

3.70 

l.Kr> 

1.75 

l.HO 

1.50 

5.30 

3.60 

2.30 

1.55 

i.a-) 

.90 

1.60 

3.36 

i.«i 

1.80 

1.80 

1.50 

4.55 

3.75 

2.15 

l.r>5 

1.35 

.90 

1.55 

3.06 

l.UO 

1.85 

1.75 

1.55 

3.85 

4.40 

2.05 

l.^"; 

i.a5 

.85 

1.50 

2.86 

1.95 

1.80 

1.75 

1.C5 

3.40 

5.90 

2.00 

1.55 

1.35 

.95 

1.46 

2.70 

l.»5 

1.75 

1.75 

l.HO 

3.20 

6.60 

2.00 

1.65 

1.30 

1.45 

1.76 

2.60 

l.flO 

1.75 

1.70 

1.90 

3.00 

6. 15- 

2.00 

1.65 

1.30 

.95 

2.00 

2.86 

l.W 

1.75 

l.fi5 

3.95 

2.75 

4.90 

1.90 

1.55 

1.25 

.90 

6.35 

2.76 

1.9(1 

1.75 

1.65 

3.80 

2.4'i 

6.00 

i.a5 

1.56 

1.25 

.90 

6.35 

2.90 

l.W 

1.K5 

LOT) 

3.45 

4.30 

5. 15 

1.80 

1.55 

1.15 

.90 

4.66 

406 

l.llf) 

1.90 

1.00 

3.<I5 

4.(k'i 

4.15 

1.80 

1.55 

1.15 

1.40 

6.66 

3.90 

l.BT, 

1.85 

I.IJO 

2.K5 

4.75 

•3.75 

1.75 

1.55 

1.10 

1.35 

3.00 

3.40 

1.90 

1.85 

i.eo 

S.65 

4. 50 

3.45 

2.35 

1.56 

1.15 

1.45 

2.65 

3.06 

1.9«» 

1.85 

1.60 

2.55 

5.05 

3.15 

2.45 

1.55 

1.15 

1.55 

2.56 

2.86 

l.flTl 

1.75 

1.6l» 

2.45 

4.85 

2.95 

2.20 

1.55 

1.15 

2.30 

2.35 

2.75 

1.91) 

1.55 

2.35 

4.10 

2.85 

3.30 

1.55 

1.15 

3.35 

2.36 

2.70 

1.90 

1.45 

2.25 

3.70 

2.75 

4.25 

1.55 

1.05 

2.90 

2.96 

2.66 

1.95 

1.50 



3.35 

3.60 

1.56 



3.10 

OUADALUPE   RIVER   AT  NEW   BRAUNPELS,  TEXAS. 


This  river  drains  a  small  area  in  central  Texas.  Its'  source  is  in 
.err  County,  and  it  has  a  general  Houtheasterly  direction,  emptying 
ito  the  Gulf  of  Mexico  in  Calhoun  County.  At  New  Braunfels  it 
seeives  Comal  River,  which  is  the  principal  source  of  supply  for  the 
pper  Guadalupe.  Comal  River  is  simplj^  the  outlet  of  a  series  of 
irge  springs  near  New  Braunfeli*  and  is  only  about  3  miles  long. 
Tiese  springs  maintain  a  very  constant  flow  throughout  the  entire 
ear.  Comal  River  is<loscrilRHl  in  Hullo  tin  140,  page  84.  The  gaging 
tation  at  New  Braunfels  is  about  1  mile  east  of  the  town,  near  the  high- 
i^ay  bridge,  and  below  the  International  and  Great  Northern  Rail- 
wad  bridge,  and  was  established  March  13,  1898.  It  is  located  below 
ke  mouth  of  Comal  River,  and  hence  includes  the  flood  waters  of  the 
Qain  Guadalupe  l)esides  the  very  equable  discharge  of  Comal  River. 
^0  measurements  of  discharge  were  made  by  Thomas  IT.  Taylor 
Uring  1899:  The  fii-st,  on  March  KJ,  with  a  gage  height  of  1.80, 
'ioweil  a  total  discharge  of  the  two  channels  of  358  second-feet;  the 
^nd  one,  on  r)ec(»mlH»r  23,  with  a  gage  height  of  2.70  feet,  gave  a 
'schari'e  of  797  second-feet. 


1276  0PEE4T10HS   AT   El  ¥£11   STATIOIIIPMl — TAB^  UI. 


iMf. 

^1.1 

PWi. 

lUr. 

AW 

M^. 

4vir 

An^ 

8«pt. 

Oot. 

KOT. 

J^ 

I 

.«0 

l.m 

1  HP 

Lm 

L«l 

LVH 

^m 

aw 

Lao 

l:» 

a.«> 

leo 

1... 

l.W 

im 

Lm 

Lm 

Lm 

LIO 

2,m 

S^Ott 

LSD 

l.^ 

2.m 

£fitt 

•  -,„ 

m 

IM 

hm 

Lm 

Lm 

l.S» 

a© 

Lm 

tm 

Ltt 

£0& 

f.« 

4 

.m 

i.m 

Lm 

Lm 

t.U 

teo 

2.as 

Lm 

Lm 

t:* 

atoo 

t» 

S 

tm 

Lm 

hm 

Lm 

t.m 

L»l 

ai«i 

,m 

Lm 

L19 

zoo 

L» 

.  ..... 

LW 

Lm 
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,  LEOKA   RIVER   AT   UVAI-DE,   TEXA3. 

In  former  y traps  there  was  located  in  the  southern  suburbs  rf 
Uvaldt^  a  lar^<*  npring  with  eonstaiit  flow,  known  as  "Leona  spring. 
Tlijrt  ^priii^  wiiH  tlrv  but  (>iu*f^  IjtMwcen  lS7n  jind  181*3,  viz,  in  IH^^,  U 
soou  n^vived,  howt^vrr,  and  (vjnt.inned  flowinjLir  up  to  lS9;i,  when  the 
fliHcluLr^^r  stoppiMl,  nnd  no  watiT  has  Lssiied  froiu  it  ninoe  tbattl!lk^ 
1' h H  WH t *? I'  j n  1 1 1  ( ^  \\' (.*  1 1  s  i n  I h I*  V i ( M n i ty  in  1 S S4  was  2 5  f (>* * t  Indo w  t hf 
Htirfaci^  of  llu^  ;^ruiind,  Inil  in  ISJjfl  the  level  was  hIk>u1.  50  feet  hAo^ 
the  siirfaee.  A  puinpinjj:  station  was  located  on  the  banks  of  Leona 
Rivtir,  nenr  Li*oria  8priii^',  in  18113,  Init  aft4^r  one  or  two  years  the 
river  failed  to  MUeli  an  t^xtent  tliat  tlie  entire  puiu[>iri3i^'^  plant  wft* 
moved  U)  within  LSO  yanla  of  the  eourt-hou.^  at  Uvalile.  At  the  n^^ 
station  a  I-'j  hy  l^^i  foot  pit.  was  exeavated  ^+  feet  dee]),  and  tbt^  inim[L^ 
were  plai'ed  at  tb<^  bnttoia  of  this  pit,  and  then  a  well  4  by  7  fi^'C 
square  was  sunk  from  tbis  level  t^  a  depth  of  10  feet,  out  of  which  th? 
water  was  ]>uni]i*'d  into  a  standpiiH'.  Tbe  water  at  lirst  ro,si^  in  thi^ 
wi.^11  to  withiri  -i")  feet,  of  t!ir  grountl  8Ui'faee.  Tn  Dct-einljer,  1S1J7,  it 
VfHS  notieed  tbat  tlie  supply  was  failiniCi  and  this  continued  nntil 
Muy,  18ti8,  when  a  second  jiit,  10  by  10  feet,  and  0  feet  det^p,  was  Mxcft- 
vatetl  on  tin*  s^utfI\v^^^t  side  of  the  lirst  pit,  Jiud  the  Widl  was  liL^' 
h>wen*d  until  its  bott^utt  was  i\'l  feet  below  tbe  i^nninil  surfn<M-:  \vh<'n 
the  ptniips  were  tlually  h)wereri,  their  new  position  was  X^  feet  l*t^lo* 
th(^  snrfnee.  Iti  January,  1H*IM,  it  wjls  found  ncressary  to  sink  tJim' 
SJJjaJI  ilriU  wtdls  in  the   tMitltuu  of  tin*  noiin  ]>nurp  well  to  a  deptli  of 
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M)  to  35  foot,  reac]iiii[^  a  tot^iL  doplli  of  08  feet  from  the  surface  of  the 
^und. 

T^eona  River,  in  1895,  was  found  by  Mr.  C^tus  C.  Ba]>b  to  be  dry 
ander  the  railroad  bridge,  but  at  the  erossinji^  1^^  miles  south  of  the 
town  a  discharpro  of  1 1  seeond-ftM»t  was  found.  The  river  ceased  flow- 
ing at  this  crossing  in  Januar}-,  1808.  AlMuit  Juno  15,  1800,  heavy 
rains  fell  over  Uvalde  and  Kinnoy  counties,  raising  tlie  Leona  River 
toa  flowing  depth  of  <>  to  8  foot.  Not  withstanding  this,  on  June  28, 
1809,  when  visited  by  Thomas  IT.  Taylor,  the  river  was  dry  at  the 
crossing  almve  referred  to.  The*  bed  of  the  stream  was  followed  to 
the  head  of  the  upi)er  irrigation  ditch  about  4  miles  below  the  town 
at  Uvalde,  but  no  flowing  water  was  found.  Tlu^  only  irrigat  ion  along 
Leona  River  in  1800  was  d<»ne  through  th<»  ag<*n<\v  of  a  steam  x>ump 

10  or  12  miles  Indow  Uval<l(». 

LAS   MORAS   SPKINCi,  NEAJi   niiACKKTTVILLE,  TEXAS. 

Tliis  spring  is  located  at  Fort  Clark,  near  Brackt^tt.vill<%  10  miles 
UstAut  from  Si)olTord,  on  the  Southern  Pacific  Railroa<l.  The  dis- 
charge from  this  spring  was  nu»asured  by  Prof.  Thomas  U.  Taylor  on 
Tune  30,  1800,  wIhmi  CO  second-feet  was  found.  A  measurement  on 
3ecemlxir  24,  1805,  near  the  Siime  iwint,  by  Cyrus  C.  I5abb,  showed 
k  discharge  of  21  second-fec^t. 

SAN  FELIPE  SPRINGS,  NEAR  DEL  RIO,  TEXAS. 

San  Felipe  Cn^ek  hjis  its  source  in  four  large  springs,  the  upi)er  one 
leing  2  miles  al)Ove  the  nulrcnul  bridge  near  Del  Rio,the  others  being 
rithin  about  200  yards  of  the  bridge.  On  June  20,  1800,  the  creek 
ras  measured  by  Prof.  Thomas  U.  Taj'lor,  at  a  point  about.  200  yards 
)elow  the  railroad  bridge,  and  a  discharge  of  84  second-feet  wa.s  found, 
kladre  ditch  diverts  water  from  one  of  these  springs  above  the  point 
rf  measurenujnt,  and  on  June  20  it.s  discharge  was  found  to  l>e  29 
lecond-feet.  Pw^vious  measureuKMits  at  this  locality  will  Im^  found  in 
Bulletin  140,  page  85. 

RIO   fiRANDK   AT   DEL   NORTE,  COLORADO. 

Tliis  river  has  its  s<uir<M»  iu  tho  Continental  Divide  iu  southern  Col- 
orado. Its  general  course  is  (»ast(^rly  through  its  mountainous  col- 
lecting area  until  San  Luis  Park  is  n^ached,  wIumi  it  gradually  takes 

11  southciusterly  coui-se,  and  then  just  U^fore  crossing  the  State  line 
liito  Xew  Mexico  it  lx»nds  southward  and  continues  this  general  course 
throughout  New  Mexico.  The  station  is  located  alK)Ut  2  miles  above 
the  town  of  Del  Norte,  Colorado,  well  above  most  of  the  irrigation 
litehes  which  divert  water  from  this  river.  The  gage  consists  of  an 
inclined  2  by  0  inch  plank  fastened  to  a  post  driven  into  the  riglit 
3ank  of  the  river.  I?en(*]i  mark  No.  1  is  a  large  nail  in  the  root  of  a 
•lee  15  feet  northeast  of  the  end  of  the  (*ablo  on  the  left  biuik  of  the 
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rivt*r  ami  in  7.54  feat  alK>vo  f^age  datum,  Bont'h  mark  Kt>,  5  isi 
hir^o  nail  tti  tlio  rc*ot  of  a  tree  25  feet  iiDrt.liwe.st  of  the  end  of  tb# 
liuOiued  fjapG,  and  b  alau  7,54  fuot  above  j^ftge  datum.  While  tW 
bankfi  an*  not  bijjh,  the  river  has  never  bean  known  to  overflow.  The 
csurrt^nl  i»  swift;  the  bed  is  oomposed  of  small  stone,  and  haand 
niHt4*i'Sally  ^'hanged  dnriiig  th«  la^t  year,  Dincharge  measrurn^  iif-^ 
Hri>  niiuit*  ftiiiu  a  Ihix  Huwpend«d  from  a  five-eighths  inch  ^inMsiljk 
fasten iHl  tt>  tribes  im  oiujh  side  of  the  river.  The  resulf-s  of  measum 
ment^  may  lie  found  au  follows:  18fJ6,  Eight-t^enth  Annual  R<'i»ort, 
Part  IV,  page  iJ47;  181)7,  Nineteenth  Annual  Report,  Part  IV,  jiJiSi 
asa;  181IK,  Twontieth  Annnal  RejKjrt,  Part  IV,  piHre  36(>,  The  folM^ 
ini?  dinrhargt^  measurements  were  made  hy  A,  L,  Follows  during  \M'^ 

Apri3  25,  gag*?"  lieiglit»  2.42  feet;  di^char^o,  1,004  aecoiid-feet 
May  24 f  gog©  height,  S, 93  feet;  disscharg^,  1,480  seoond*feet, 
Jttne  20,  gage  height,  2,10  feet;  diachftrge,  IM  seoond-f^t 
August  21,  gaige  height,  iM  feet;  discharge,  357  second-feet 

Daily  j/agj?  7r«i{r/it,  tn  feet^  of  Rio  Grande  at  Del  2fortej  Vcdorado,  fm-  IS^<^. 
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roNEHltiS    HIVKH    AT    J.ns   MOGOTESj    CnLORADO. 

ThiH  Ktn^uii  y'lSi^H  tin  tliti  t^a.'^u^rri  wlop**  of  the  nionntaio  raii^^t^vMi'^ 
foriDH  tlio  Wi*sUn'ii  lita*  of  Conejos  County,  in  t^onlhrru  C-i>kiratl<».  l^ 
flows  southi^Hsterly,  and  then  bendini^  nt  the  town  ofCouc^jos  Ib^^vsiu 
a  geiKO'al  northeasterly  direction,  entt^rin|j:  tiic  Kio  Grinide  iK^lowlii^ 
mouth  of  Trinehera  Uret.^k.  The  ^age  hm!,  eslabliMlu'd  by  A.  L  F"'" 
h)ws  August  25,  IS^iO,  wiis  at  firnt  located  at  a  wairun  l»ritl^e  1<^  m^'^'' 
abovtj  the  trown  of  Conejos,  but  owing  to  the  fact  Hint  it.  was  deal  rou*ii 
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his  point,  it  was  later  moved  to  a  point  aboat  500  yards  below.  It 
ere  attached  to  the  pier  projecting  into  the  river  near  the  house 
apied  by  Gustav  Timm,  a  ranchman  who  has  acted  as  observer. 
)  channel  is  fairly  good,  being  of  gravel  and  not  particularly  liable 
ither  change  or  overflow.  Owing  to  the  removal  of  the  gage  it  will 
be  iKJssible  to  make  a  rating  table  for  1899.  Two  measurements 
lischarge  wert^  made  at  this  point  in  1899  by  A.  L.  Fellows:  The 
t,  on  August  25,  at  a  gage  height  of  1.00  foot,  showe<l  a  discharge 
r6  8econd-ft»ct;  tlic  s(?cond  measurement,  on  Xoveml)er2S,  at  a  gage 
ght  of  2.'2()  fe«'t,  showed  a  discharge  of  70  sec*ond-feet. 

^ily  r/<'r/«'  hriijlit^  in  ferfj  of  Conejo.'i  /iiivr  at  Lin<  MogoteHy  Colortuh^^  for  1S99, 
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a  Oage  moved  U*  a  point  near  honm  of  Qastav  Timin. 


RIO  GRANDE   AT  CENICERO,  COI.ORADO. 

Hie  Rio  Grande  for  a  number  of  years  has  been  dry  during  the 
nmer  after  ])assing  through  San  Luis  Park,  due  to  the  diversion 
water  above.  On  August  20  the  river  0  miles  l>elow  Alamosji,  Colo- 
lo,  was  carrying  17  se<?ond-feet,  and  on  the  23d  of  the  same  month, 
a  point  one-half  mile  al)ove  Alamosa,  the  discharge  was  found  to 

10  second-feet.  Just  before  it  crosses  the  State  line  into  New 
jxico  it  entei's  tho  canyon,  and  in  order  to  obtain  the  amount  of 
.ter  passing  out  of  the  State,  a  station  was  located  on  June  28, 1899, 

A.  L.  Fellows,  at  the  State  bridge  across  the  Rio  Grande,  at  a 
int  alK)ut  4  niil(*s  west  of  Kjistdale,  Colorado.  The  station  is 
^orably  located  for  tlie  piiriM)se,  the  cross  sec^tion  being  fairly  iini- 
rm,  the  channel  regular  and  not  liable  to  overflow.  The  gn^e  con- 
ts  of  two  rods,  one  fov  low  stag(»s,  fastencMl  to  a  rock  near  the  shore; 
f^  upper  section  is  fastened  to  tho  lower  side  of  the  middle  pier  of 
e  bridge.  The  observer  is  Roman  Mondragon.  Tho  following 
Jasurements  of  discharge  were  made  by  A.  L.  Fellows  in  1800: 

June  28,  gage  height,  0,90  foot;  discharge,  20  second-feet. 
Augnst  24,  gage  height,  1  foot;  discharge,  31  second-feet. 
November  28.  gage  height,  1.80  feet;  discharge,  297  second-feet 
IBR  37 0 
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DaUff  gag^  heigMt  in  feet t  of  iMfi  Gtande  at  Cenieer^^  Coiorado^for 
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LSO 
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L30 

Lao 
Lao 
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Lao 

Lao 
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L30 
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LfiO 
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LfiO 
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LTD 

i:S 

L70 
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RIO   GRANDE  AT  EMBUI>0,  NEW  ICEXICO. 

Rio  Grande  on  tern  tho  canyon  somo  distance  above  where  itcroasei 
tlio  Now  Mexico  and  Colorado  line^aiid  continues  soutliward  forsomft 
dmtanciJ  lielow  Embudo,  It  receives  a  number  of  important  tributA' 
ries  f  1*001  either  side  through  tliie  sei^tion  of  iLs  eoui'se,  which  cun- 
tribute  to  its  discliargo;  and  although  in  recent  years  the  river  is  *3iy 
in  tlio  vicinity  of  Alamosa,  Cidonidtij  tliore  is  a  coiLstJint  flo^"  h^ 
Enibudo,  New  Mexico.  Tlie  station  at  t hiss  point,  establiiihctl  in  W% 
is  located  about  ^^OOfeot  east  of  the  railroad  station  at  Enibudo.  The 
gage  is  inclined^and  consii^ts?  of  a  tinil>er  fastened  to  post,s  driwuiTitfl 
the  bank  of  the  ri%"er.  Bench  iiiaik  No.  1  is  a  rock  near  the  end  of 
the  cable,  left  bank,  marked  *'B.  M/'  with  white  paint,  and  is  HOJ^ 
feet  alKivi^  ga^^e  datnnL  P*pneli  mark  No.  H  is  a  rot^k  100  feet  ii\}o\'i 
th(v  eahli%  left  Imnk,  sinularly  markisl,  aoti  is  1^,71*  feet  alw^ve  pg^ 
data  in.  Bench  mark  Nn.  ;^  In  a  notch  cut  iti  the  soutlieastern  vom^ 
of  the  station,  «  feet  alnive  the  platft^nn,  and  is  11^) AS  feet  aVH>Yt*  ^'ii!,'? 
datum.  Theleft  bank  is  sU^ep,  and  the  rij^ht  has  a  gentle  slope.  Tli^ 
results  of  nieasnrenu*nts  may  be  fumitl  as  follows:  18!+ri,  Ki^UlinHifli 
Annnal  lieport,  I'art  IV,  page  2M;  181*7,  Niuetecnih  Annual  Ht^jKJSit 
Part  IT,  page  385^  ISSf^  to  1SI*8,  Twentieth  Annual  R«i)ort,  Part  IV. 
page  3<j^l.  The  following  measurements  t>f  discharge  wi^v  lu.e^i'l'^ 
P,  K.  Harroun  dnring  is^iri; 

April  Tf  gage  height,  8.20  faet:  Uischatgo,  710  aecond-foet. 
April  30,  gtigo  lieigbt,  9-30  feet;  discharge,  IS'^l  eet^onil  feet. 
May  4 ,  gage  height,  y*(JO  fwt^  discharge.  SMiT  second- feet. 
Mfty  Zi}^  gago  height,  8.10  feet;  dincharg*?,  T45  so^oiid-feet. 
September  4,  gageheigM.":  tecU  *Ui?^'Uarge,  LS^j^t-cond-feeL 
October  2T.  crai^e  beighl^  '^  .^S  t©^\;  \\\ac\\\3a^ft,  W%  "e^is^sawy&eftt^ 
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DaUy  gage  height,  in  feet,  of  IHo  Grande  at  EmbtidOf  New  Mexico,  for  189iK 


D«y. 

Jan.  1  Feb. 

Mar. 

Apr.  j  M»7. 

June. 

Jnlj. 

Ang. 

Sept 

Oct. 

Not. 

Dec.   ' 

1 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

39 

21 

23 

88 

24 

25 

2B 

27 

2H 

29 

ao 

31.... 

7.50 
7.60 

7.eo 

7.80 
7.60 
7.70 
7.85 
7.90 
7.90 
7.90 
7.90 
7.90 
7.  HO 
7.  HO 
7.  HO 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 

7.eo 

7.80 
7.80 
7.rti 
7.80 
7.00 
7.«» 

7.60 
7.60 
7.00 
7.70 
7.70 
7.70 
7.70 
7.80 
7.80 
7.85 
7.90 
7.  HO 
7.90 
7.80 
7.80 
7.80 
7.80 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 

7.70 
7.70 
7.80 
7.80 

7.85 
7.90 
8.00 
8.05 
8.15 
8.20 
8.20 
8.25 
8.3l» 
8.36 
8.50 
8.65 
8.70 
8.70 
8.70 
8.66 
8.80 
8.45 
8.40 
8.30 
8.30 

8.:y) 
8.:)0 

8.36 
8.40 
8.35 
8.40 

8.40 
8.30 
8.30 
8.30 
8.20 
8.90 
8.20 
8.10 
8.10 
8.10 
8.10 
H.30 
H..'il> 
8.86 
8.80 
8.80 
8.86 
9.06 
9.35 
9.35 
9.30 
9.26 
9.20 
9.20 
9.:)0 
0.40 
9.40 
9.30 
9.20 
9.20 

9.20 
9.00 
8.80 
8.60 
8.45 
8.36 
8.20 
8. 90 
8.90 
H.2n 
8.20 
8.311 
H.rt5 
H.HII 
9.(l> 
9.10 
9.20 
9.30 
9.15 
9.00 
9.00 
8.80 
8.75 
8.50 
8.20 
8.20 
8.10 
8.10 
H.IO 
8.00 
8.00 

7.90 
7.85 
7.80 
7.80 
7.8r» 
7.00 
7.36 
7  At) 
8.90 
6.85 
0.70 
«.«» 
8.70 
8.95 
7.00 
7.00 
7.00 
7.W» 
7.00 
7.00 
7.00 
7.00 
7.I10 
7.10 
7.10 
7.10 
7.m 
7. 15 
7.20 
7.20 

7.20 
7.90 
7.16 
7.10 
7.10 
7.10 
7.10 
7.10 
7.10 
7.10 
7.05 
7.W 
7.00 
7.10 
7.25 
7.40 
7.00 
7.00 
8.10 
7.9I» 
7.00 
7.8(» 
7.55 
7.50 
7.45 

7.:i5 

7.30 
7.15 
7.10 
7.10 
7.30 

7,90 
7.85 

7.20 
7.90 
7.30 
7.25 
7.20 
7.2(1 
7.2l» 
7.30 
7.25 
7.2I» 
7.20 
7.20 
7.25 
7.30 
7.30 
7.15 
7.10 
7.10 
7.10 
7.10 
7.00 
7.00 
7.00 
7.00 
7.00 
7.(i> 
7.00 
7.00 
7.U) 

7.00  7.30 
7.m  7.30 
7.00  7.36 
7.00  7.40 
7.00  7.40 
7.(W  7.40 
7.00  7.40 
7.10  7.40 
7.10  7.40 
7.10  7.40 
7.10  7.40 
7.10  7.40 
7.15  7.40 
7.20      7.40 

n7.31»  7.50 
8. 15  7. 50 
7.90  7.50 
7.85  7.50 
7.  HO  7.50 
7.85  1  7.50 
7.  till  1  7.50 
7.50  i  7.50 
7.50  1  7.5r) 
7.50  .  7.50 
7.40  1  7.50 
7.40  7.50 
7.:*i ,  7.50 
7.:«)  I  7.50 
7.30  1  7.00 
7.30  1    7.«l 

7.00 

7.80 
7.60 
7.80 
7.60 
7.86 
7.70 
7.75 
7.80 
7.80 
7.80 
7.80 
7.8(» 
7.W 
7.80 
7.85 
7.90 
7.90 
7.90 
7.90 
7.90 
7.95 
8.00 
8.(11 
8.00 
8.10 
8.10 
8.U) 
8.00 
7.90 
7.90 

1 

7.85 
7.86 
7.«» 
7.80 
8.UI 
7.86 
7.70 
7.70 
7.80 
8.(1) 
7.  (JO 
7.60 
7.(KI 
7.70 
7.60 
7.00 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 
T.70 
7.70 

a  Began  to  riiio  at  4.30  p.  ul  ;  maximum,  8.3  feet,  at  6  p.  m. 


RIO  GRANDE   AT  RIO  GRANDE,   NEW  MEXICO. 

Three  miles  IkjIow  Embudo  the  river  emeni:e8  iiit-o  Kspanola  Valley, 
through  which  it  eontiniies  for  a  few  miles  aii<l  then  enters  White 
Bock  Canyon,  flowinjr  through  that  wuiyon  for  30  miles.  At  the 
Lower  end  of  this  canyon  the  river  emergens  into  Albuquertpio  Valley, 
%Qd  so  continues  down  to  al)out  Socorro.  "J'his  valley  averages  from 
1  to  3  miles  in  width,  and  has  been  irrigateil  for  a  great  many 
years  by  the  Mexican  settlers.  Their  primitive  metluxls  of  irrigation 
are  very  wasteful  of  the  wati*rs,  so  that  the  duty  of  water  in  this  sec- 
tion, about  17  a<*n\s  i>er  seeond-foot,  is  not  as  high  its  it  might  be. 
During  the  last  few  yeai-s,  however,  a  huiuIkm'  of  imiK>rt4Uit  and 
modern  irrigation  systems  have  l)een  planiie<l  and  l)uilt  in  the  vicinity 
of  Albuquerque.  The  gaging  stiition,  esUil)lished  February  3,  18115, 
is  loeat4Ml  al>out  one-fourth  of  a  mile  alK)V(^  the  railroml  station  of 
Rio  Grande,  New  Mexico,  and  at  the  he^wl  of  Whitf"*  R(M*k  C-anj'on. 
The  gage  is  inclined,  and  consists  of  timbers  fastened  to  i)iles  and 
^red  to  a  solitl  rock.  Ilie  l>ench  mark  is  the  top  of  tln»  liowlder  to 
'^hich  the  iipp^T  portion  of  the  gage  is  fastened,  and  is  17.^15  feet 
*bove  gage  datum.  Measurements  are  made  from  a  <^ar  susiH»iided 
'win  a  cable  abov«*  the  nnl.  The  l>ed  of  the  stream  is  rocky  and  is 
^mfined  l)etween  high  luinks.  The  results  of  measurements  may  l)e 
'^und  as  follows:  18116,  Eighteentli  Annual  Report,  Part  IV,  page 
254;   1897,   Nineteenth  Annual   Report,  Part  IV,  page  386;    1898, 
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Twentieth  Annual  Report,  Part  IV,  ptig&  370,  Three  meaauremt}iit& 
0f  dist^har^^  wen*  mado  at  this  point  by  P,  E,  Ilarroun  durm^  1S99; 
Thti  rirwt  one,  on  April  6,  at  a  gage  height  of  5.90  feet^,  gave  a  dift- 
charge  of  978  seetmd-feet;  the  seeondj  on  September  2,  at  a  ga^ 
h<M|?hl  of  3.70  feet,  gave  a  discharge  of  110  second-feet;  the  tliifd 
measurement,  Ot^tol^r  24,  at  a  gage  height  of  5,15  feet,  gave  a  tlis- 
ehan^t*  of  482  second-feet. 


iMr. 

J«n. 

F*b. 

Mu-. 

Apr. 

M*7. 

JUTW. 

Jiay. 

Aiag. 

Sept. 

Oct. 

Not. 

IML 

i,.„- 

i.ir^ 

ft.  40 

5- 05 

fl.30 

7.15 

5.1)0 

4.30 

6,<J0 

3.«0 

4.70 

6,30 

£.fi 

i::;:: 

4.firi 

5,a& 

d.00 

ft.  at) 

:,ifi 

5.56 

4.a» 

4.!«1 

3.60 

4.7t» 

6.S5 

Idt 

ijK 

yai 

5.e(» 

5.06 

0.96 

5.46 

4.30 

4,70 

3.00 

4,7» 

6.ao 

,'iW 

4 

i,?!^ 

5,15 

6.80 

0.16 

e.:5 

5,4,5 

4.30 

6.75 

a  05 

4.S5 

5.40 

j,fl> 

B.     . 

*.85 

6.m» 

6  BO 

oao 

6.  fin 

6.46 

4.10 

6.60 

3.  en 

5.10 

!*.m 

&.£ 

a 

4.75 

&.30 

6.85 

G.rM) 

h.60 

6.ir» 

4.tiO 

6.0tJ 

a.6e 

6.05 

6.46 

s-oa 

T-.-.. 

4.«i> 

,iao 

6.86 

6.K> 

tt.45 

e.jai 

4.00 

6.»5 

JI.65 

6.05 

5.  SO 

s.«i 

« 

V95 

6,30 

5.fitl 

e.tfi 

«.3S 

5.ao 

3.fl0 

5.4.'i 

4.00 

6.00 

5.55 

i.#3 

9 

6.10 

6.45 

B.15 

6.95 

fi.a5 

5.m 

4.40 

5.46 

4.^ 

4.M 

5.Bfr 

5.tt 

Ik.... 

irno 

6.4fi 

e.05 

«.06 

fl.30 

5.40 

4.3!tJ 

4JtO 

4.75 

4.flD 

5.55 

S.ti 

1  ,„.. 

4.@n 

a.  46 

e.m 

0.3JJ 

tt.ai 

5.10 

4.30 

4.76 

4.06 

4.W 

5.» 

iS 

g 

«.uo 

Ik  35 

fi.35 

tt.45 

fl.«6 

5t« 

*.ai> 

4,06 

4.^5 

4.«6 

5.66 

115 

3 

i.es 

6.a> 

6.tStl 

11.06 

6.W 

6.0tJ 

4.00 

Lm 

4.3U 

i.m 

5.B6 

110 

*-... 

«.fla 

6.76 

a.  20 

H.95 

ti.05 

4.00 

i.¥} 

4.65 

4. 30 

A.m 

5.55 

LK 

h...  . 

6 '06 

5.60 

a.  35 

7.ao 

7.16 

4,^ 

4..y^ 

4.40 

tiH.m 

4.80 

5.ttl 

s.ts 

A    .... 

s,<» 

5.40 

6.85 

7.3J 

r.35 

4.tfJ 

5.00 

4-3L5 

O.tfi 

6,00 

5.70 

4,* 

7 

6.U0 

5,  Til 

0J5 

7.55 

7.40 

4.55 

5.06 

4.3l> 

0  65 

6.00 

5.75 

J.10 

»   .... 

5.aij 

6.4fi 

6.4U 

8.15 

7.15 

4.60 

r.w 

4  16 

5.85 

5.65 

5  Til 

5i^ 

s 

S.(W 

5.  ISO 

B.30 

8.3U 

tt.90 

4,45 

fi.m 

4  av 

5,45 

4.i*5 

5.:ti 

5,® 

m 

fi.rfi 

5.45 

0.36 

B.aj 

fl.75 

4.40 

IV  ao 

4.15 

6.25 

6.fl5 

6.:ti 

5iE 

^1 

fi,m 

5.50 

0.30 

7.« 

0.75 

4,31 

5.70 

4.10 

5,16 

6.10 

5™ 

^S 

«  .... 

s.oo 

5.60 

5.S6 

7.711 

a.  76 

4.^1 

5.»J 

4.00 

5.25 

5.]5 

5.70 

i» 

m  .,,. 

5.(W 

5.6<j 

a.ja 

7.75 

a.  40 

4.30 

5.30 

3.00 

5,  Of) 

5,15 

5.t*l 

^ft 

34..... 

5,«J 

5.55 

5.15 

7.86 

a.  35 

4.»0 

5.16 

3.75 

6.(fi 

6.16 

5fff 

5tf 

% 

GJI^ 

5.«r* 

ft.aii 

7.0O 

0.  IM 

4.40 

5.BG 

3.S5 

4.96 

5.30 

5.»l 

145 

3Q-.... 

5,  lU 

hrii.i 

e.46 

»M 

a.  Ill 

4.<K 

5.30 

3.ao 

4.  as 

6.ao 

5.75 

US 

S7 

s.3n 

5.60 

£.(£ 

7.96 

6.ft5 

4.  BO 

6.30 

d,7Q 

4.86 

6,30 

5.75 

^!i 

«..:.. 

6,25 

5.05 

A.9r> 

7.7fi 

a.  no 

4.40 

5.»J 

3.75 

4.75 

,  5.30 

B.7B 

5.U 

g0 

Ci.l£-* 

rt.  6fi 

7,5(1 

5.H5 

4  SO 

b.m 

X7i^ 

4. 75 

6  ;»i 

5  70     51S  ' 

3Q..... 

GJ^i 

(IMi 

r.16 

B.«) 

4,.T5 

5.  Of* 

-T  lUt 

4.rt5 

5  ;is 

■vTiJ    &.r((*  1 

ai 

i],4U 

6,40 

5.  TO 

C.ilfi 

:t.«o 

5.*j 

„..,.:   6,*  1, 

I 


i>i%  ^i^  freight  J  infrei,  of  Bio  Grande  at  Rio  Orande,  New  Mexico,  ftif  1«*S>.     I  ^ 


< 

i 

i_ 

1 


ald^t  7t¥,  111. 
Rln   <;H.V\nF:    AT   S.\N   AI.XRCIAI*,  NEW    MEXICO. 

Tlie  fifth  ^riL^iri^  slaliuii  mi  i\\v  mniii  slnnnti,  i'onTinuiu.\'^dnwiiwaT«i 
is  at  ^an  Mareiiil.  It  wasi^staiillf^lied  .laiuuny  L^t),  lSl>r>^  and  is  InratiHl 
at  the  niilrt>;i.d  brid^'e  one-half  niih>  Honth  of  the  town.  Thi'  wii-t^ 
gn^e  i.s  att.a<'fio(l  hi  tlic  L^^nard  mil  of  llu*  bridj^e,  wtjuth  span,  l<>ivtvr 
Hide.  ll<*neli  mark  Xcj.  1  is  tin*  \{>\\  uf  tin*  ea]>sti)ue  oti  whii'ti  \\\^ 
brid^i^  trims  rests,  and  is  m  un  tdi^vntiun  of  1.1  iVet  nbove  irniit* 
datiiin:  V>t*n(*li  mark  Ni>.  l^  is  tl)^^  tr^p  of  tlKMixh^risi^ni  of  the  pliM"  U' 
whi^^li  tlu*  oil  I  vertical  ^Mp-*  was  fashMiiHi,  and  is  al  an  eU^valioii  of 
Ki  fetdi  above  ga^r<L  datum.  The  eiianm*l  is  sandy  and  shift  in;:. 
A  nnndier  of  brid^a^  piers  inter  fore  with  the  mirrent  In  a  errhiin 
extent,  but  not  with  tlte  ol»served  iX'^iiX^^  heii^ht?^  or  disehar^j^i.^  im-a.^un^ 
mentis,  lie-Hults  of  measuveinenls  may  1h^  ftnind  as  follows:  ISjoi, 
Eighteenth  Ainnial  Report,  Tart  l\\  jiage  l^"j7;  b^t^7,  Nim-t^'etilb 
Annual  Report,  i\ii't  IV,  papje  3H7;  ISiis^  Twt^ntieth  Annual  Kepori* 
Part  IV J  pago  tJ71.  Tla^  following  diseharge  measurrnients  vcut^ 
made  by  P.  K.  Ihirroim  duviiij^  lsu*ii 
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MeasureTnerUs  of  Rio  Grande  at  San  Marcial,  New  Mexico. 


Data 


ld09. 

Apr.3 

Apr.  19 

Apr.  26 

May  2 


Gaffe  Dls- 

height.     charge. 


Feet 
7.80 
7.80 
7.70 
7.flO 


Sec,  feet. 

600 
1,600 
1.408 


Date. 


Oase 
Leiffht. 


heiff] 


1899. 

May  17 

Sept.  22 

OcVl2 

Doc.  17 


Feet. 
6.60 
6.80 
4.40 
6.20 


Dis- 
charge. 


Sec.  feet. 
199 
113 
6 


J^ilygatje  height  J  in  feet,  of  Rio  Orande  at  San  Marcial,  Neic  Mexico,  for  1809, 


Day. 


Jau. 


Feb.  ,  Mar.    Apr.     May.    Juno, 


1 

«.95 

4 

6.75 

3 

0.50 

4 

6.00 

6 

6.55 

6 

6.60 

7 

6.60 

8 

6.75 

9 

6.55 

10 

6.50 

11 

n.«) 

12 

7.im 

13 

6.70 

14 

7.00 

15 

6.90 

16 

6.85 

17 

6.70 

18 

6.66 

19 

6.66 

20 

0.66 

21 

6.60 

32 

6.  SO 

23 

6.60 

24 

6.70 

26 

6.70 

2B 

6.60 

27 

O.OT) 

2K 

6.60 

2B 

6.«r) 

3t) 

6.60 

31 

6.65 

. 

♦i.no 

ti.rt5 
6.70 
6.70 

0.  m 

6.50 

5. 10  I 

4..')0 

4..'>0 

«.«6 

«.0() 

<'i.  70 

5.  HO 

7.20 

6.70 

6.70 

6.96 

6.80 

6.80 

6.80 

6.80 

6.80 

6.80 

6.70 

6.80 

6.80 

6.80 

6.80 


6.70 

7.00 

6. 70 

7.15 

e.t'iO 

7.3f) 

6..')0 

7.10 

6.50 

7.00 

«.70 

6.00 

«.  70 

6.50 

6.80  I 

6.50  i 

6.50  I 

iUi) 

».(«> 

7.00 

7.10 

7.«) 

6.W) 

6.00 

6.80 

6.60 

6.40. 

6.40 

6.40 

6.40 

6.40 

6.80 

6.80 

6.60 

6.70 

6.86 

7.00 


.20 
.00 
6.90 
6.80 
6.70 
O.W) 
6.40 
6.30 
6.15 
6.00 
6.06 
6.90 
7.86 
7.80 
7.95 
7.96 
7.80 
7.70 
7.70 
7.70 
7.70 
7.70 
7.80 
7.70 


7.70 
7.»V> 
7.50 
7.40 
7.40 
7.30 
7.20 
7.2<> 
7.20 
7.10 
7.  (Ml 

6.  HO 
iV  70 
6.60 
6.50 
6.40 
6.60 
6.60 
6.70 
7.46 
7.40 

7.  JO 
7.80 
7.30 
7.00 
6.96 
6.80 
6.65 
6.56 
6.80 
6.20 


i 


0.00 
5.  HO 
5.70 
.').60 
5.40 
5. 25 
5.00 


July. 


3.  (M) 
3.60 
3.60 
3.60 
9.06 
9.26 
7.60 
6.75 
6.25 
6. 15 
7.60 
7.50 
6.55 
6.:j0 
6.30 
6.25 
6.30 


Aug. 


6.00 
5.80 
5.60 
5.40 
5.65 

0.H() 

7.15 
7.55 
6.05 
6.40 
6.10 
5. 70 


Sept. 


5.:« 

6.05 
5.  (JO 
5. 15 
5.50 
5.05 


7.26 
6.05 
6.60 
6.15 
6.00 
6.00 


4.50 
4.50 
4.50 
4.50 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 
4.70 
4.70 
4.80 
4.80 
4.90 
4.90 


Nov. 


5.00 
5.00 
5.10 
5. 10 
5.30 
5.20 
5.30 
5.30 
5.40 
5.40 
6.60 
5.50 
5.60 
5.60 
5.70 
5.70 
6.80 
6.80 
6.90 
6.00 
6.00 
6.10 
6.30 
6.20 
6.80 
6.30 
6.40 
6.40 
6.60 
6.50 


Doe. 


6.50 
6.60 
6.50 
6.66 
6.56 
6.66 
6.65 
6.60 
6.60 
6.45 
6.60 
6.66 
6.66 
6.66 
6.60 
6.60 
6.05 
6.40 
6.60 
6.45 


6.60 
6.66 
6.70 
6.66 
6.66 
6.66 
6.75 
6.86 
6.80 


Jane  8  to  July  14,  InclnHive,  no  flow  in  river. 

August  14  tr>  September  8.  inclnRive,  no  flow  In  river. 

September  15  to  18,  inclusive,  Septemlxsr  35  to  October  32,  inclusive,  no  flow  in  river. 


RIO   (IR^VNDK   AT   EL   PASO,    TEXAS. 

This  is  an  iDiiM)rtaiit.  station,  and  moasurcMnonts  have  Iwon  made 
ere  f«>r  a  lonjj:  iM»ri(Hl.  During  tlio  last  thrc^c^  years  the  work  has 
een  carri<»d  on  under  the  direction  of  W.  \V.  Folletl,  consulting 
ngiiRM»r  International  (Water)  [boundary  ('Onnnission.  This  eoin- 
lission  has  had  ehar^eof  the  invest ipition  looking  toward  the  build- 
ig  <»f  an  international  dam  at  El  Paso.  The  pn^sent  station  is  locat-ed 
i  Conrehesne's  limekiln,  1  niih»s  north  of  Kl  Pjuso,  Texas.  Tlie  river 
eiglits  are  m(^asure<l  at  th«^  masonry  pump  foundation  pier,  150  feet 
hove  the  kiln.  The  toj)  of  the  downstream  chisel  draft  is  assumed 
>  lx>  at  a  gage  lieiglit  of  15  feet,  and  the  distance  to  the  waUn*  surface 
elow  is  measured  with  a  can»fully  graduaUnl  rod.  The  left  bank  of 
le  river  is  formed  by  the  loose  rcK^k  fill  of  the  Atchison,  Toi)eka  and 
anta  Fe  Railroad  embankments,  and  will  not  overflow;  the  right 


284  Ol'EBATIUNa   AT   BlVBfi   STATIONS,  1869. — PAET   HI.       IwMi 


liank,  howevi>r,  m  made  ground  auti  is  liable  t^j  overflow  at  bifji 
stages.  Owing  to  th<^  shifting  eharact^er  of  the  bed  of  t-ke  stiieam, 
has  been  necessary  to  make  a  lar^e  number  of  discharge  mea^nfl' 
iiieiit«  at  thii*  point  in  order  to  obtain  an  aecnrate  ideA  of  thedfe 
charge.  Kesults  of  mea^ureinentB  may  lie  found  as  follows:  l%% 
KighteGiith  Annual  Report,  Part  IV,  paga  2^'Ji  1897,  Nineteontii 
Annual  Report,  Part  IV,  ^lagt^  3W;  1898,  IVentieth  Annual  Report, 
Part  IV,  page  312.  There  were  32  discharge  ineasnrementi^  nuide 
T,  M.  Courchesne  during  18ft^,  oa  follows; 


MeainirenienU  t 

if  Mio  Chrinde  at  Ei  Ptm)^  r«coji. 

DttteL 

n«t*. 

bij^t. 

J»n.  4 ., 

B.4I1 

e.io 

8.00 
5.90 

5.90 

e.40 
(kao 

fiulO 

ft,  40 
fivSO 
«.10 

<.10 
ft.  00 

fl.ao 

m 
m 

LSI 

m\ 

187 

^  Wa 

187 
117 

iia 
lis 

WW. 

&.T0 

6<80 

S.flO 

S.50 

6.30 

tflU 

5.«0 

5.30' 

5.10 

5.10 

5.39 
5.A0 
5.W 

« 

IB  ' 

m 
** 
n 

391 

u 

«  . 
H  ■ 

il 
1! 

m 

jS  5            l"V" 

Hat,  1ft              .,    .^.  , 

J«i.  13 _ 

M»r.ao ^  ,.„..,.._ 

jS.u ™.,,.. 

Jan.  lfl..,.„ — ,.. 

Jmi.1J...„„„ 

3S:»    "—"■"■■ 

BtAT.Sfi   ,»».-. .--. 

Apr.  IK , -..„ 

SK^.:::-::::::-:::::: 

SSS::::::::!"::::::: 
JS:g::™::::::::™ 

Dec  11, -„-„.„.,-.... 
Bee^lft ..__ — 

gSig::::":::::n::::: 

i^b*a,_,, ^,_ , , 

Feb.* ..„.,.. 

Dae.  »,.„«-,...  *.„,-^- 
Dec^aa ,.„._ 

Mar.«_.„_,..^ 

MmrAl „„ 

D«c.  10-  ^.^.T^ ,  ►, ,—  -*,— 1 

ll*r.»,„,..„ «„. 

Ddo^tt.. „. .. 

i 


J5tti7^  ff«{;r?  iwighU  inf^t,  of  Rio  Qrajide  at  El  i^o,  7kctt«»  /or  iS^f/, 


Day. 

Jm, 

Peh. 

Mar. 

Apr, 

May. 

jQIli*. 

Jtily 

Aug. 

5.7D 

K..... 

6.15 

e.io 

6.3G 

tt.(i5 

7.45 

(«) 

ta) 

2.  .... 

B.at) 

B.IO 

6.15 

5.50 

7.W 

(fll 

^fi) 

S.flii 

3..  ... 

(ll*J 

IJ.OO 

6.30 

5Jfi 

7.r(f» 

k 

5.60 

+  --... 

s.  w 

6JK> 

6J5 

B.Ui 

7,W 

L»l 

6 

O.STi 

s.w 

6.3a) 

rj.(^ 

7,  ,11 

ia} 

rj 

4.K,'i 

fl 

6.15 

0.2ff 

6.20 

5.(0 

7.10 

{4 

4.ti5 

7. 

tt.lCf 

6.60 

6.  as 

4.tt5 

aiv5 

uA 

4.4,5 

8 . 

a  10 

6J*> 

6.30 

5.10 

(i  KS 

u^l 

4.15 

9...... 

fl.io 

6.  If) 

6.:3J 

5.^5 

6.55 

in) 

in\ 

10..     -, 

(VIO 

6.40 

6,10 

5,4t) 

H,.TO 

(«i 

(«) 

11         .. 

fl.m 

6.40 

6.00 

5.50 

6.00 

ivn 

12. 

IV  WJ 

6,a:f 

5.rio 

5.4+J 

5.M,^, 

ru)  * 

13    ..... 

^.w 

5.90 

6.  wo 

ft.afi 

h.m 

01) 

rfi) 

14 

ft.  00 

ft.  30 

5.  HO 

5,aO 

r>.7i» 

(al 

(ft) 

15 

5.0(> 

6.IPi» 

5.T5 

5.10 

5.5fi 

(rJ> 

4.45 

m 

ft.WJ 

6J)0 

5.70 

5.10 

5  4^^ 

17....,, 
18 

6.2U 

O.IK) 

o.or> 

5.  BO 

5.10 
4.«) 

5.h50 
5.15 

10 

6.40 

fl,ai( 

6.  (to 

4.WI 

4,tt5 

al 

5.35 

an...... 

n.Ki 

6.1(1 

5.  TO 

4  Wi 

4  rt,5 

f;i{ 

a.  til) 

21 

15.  r») 

aao 

ft.W) 

4,^ift 

i.W 

7.»0 

Ily 

6.3r) 

6.ft0 

B.W) 

B.iW 

1.  70 

(«) 

W.05 

a;i 

6. 10 

6.55 

rjj}& 

ft.a'i 

4.<]1J 

« 

p,m 

^    ..,. 

6,a0 

6.U5 

5.fl) 

7.45 

4.tiO 

f'l) 

W.40 

JS 

iW  ..... 

«.2r. 

6.36 

6.HI> 

6.:f) 

5.fK1 
5.45 

7,*jO 

7,50 

4.4%) 
4.00 

7.&5 

as  ..... 

6  ST. 
6.  (30 

5.4ri 

5.50 

7.m 

4.ef) 
4.*(0 

7. 5.^ 
6.90 

20 . 

aw 

6.20 
5.10 

5.W 
5.4{) 

7.30 
7.31) 

4,55 

fi.TO 
6.(t5 

31„,... 

6  JO 

5.75 

4  fiO 

<'0 

iia^i 

Dec: 


t«) 

^ai 
jflV 
4»i 

4.« 
4311 
4.al 
4.Fiit 
4,*iC 
4.^ 
4,75 
5.  in 
5,4fl 
5.  VI 

ft.;ii 

5  10 
5.K' 

.n  iV 

5.1.^ 

5.3) 
5  31 
5  9J 

6.^^ 
5  35 

5.4JJ 

5.,TlJ 

5P 


ttNot  fiowintr  from  Jane  1  to  July  17  and  from  Au^jrust  9  U^  November  dO. 
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PECOS  RIVER  AT  PECOS,   TEXAS. 

This  Stream  rises  on  the  eastern  slope  of  the  Santa  Fe  Range  in 
Dortliem  New  Mexico.  Its  course  is  firet  southerly,  through  a  typical 
moantainous  and  canyon  country,  until  it  reaches  Fort  Sumner,  when 
the  character  of  tlie  topography  clianges.  The  river  then  takes  a 
more  southerly  course  and  the  countiy  then  changes  from  a  rolling  to 
in  almost  flat  area.  A  number  of  largo  irrigation  enterprises  have 
been  completed  within  the  last  few  years  and  now  irrigate  large  areas 
n  the  vicinity  of  Roswell  and  Eddj^  New  Mexico,  and  even  extend 
lown  into  Texas.  The  summer  flow  of  the  river  is  largely  dependent 
ipon  numerous  springs,  which  occur  in  the  limestcme  country  in  the 
icinity  of  Roswell  and  below.  Owing  to  the  numerous  diversions 
or  irrigating  purposes,  however,  the  river  would  be  dry  in  the  sum- 
aer  where  it  crosses  into  Texas  were  it  not  for  the  waters  which  are 
radiially  returning  to  the  river  through  seepage.  This  water,  unfor- 
anately,  is  impregnated  to  a  ccmsiderable  extent  with  alkali,  which 
anders  it  undesirable  for  irrigating  purposes.  The  station  on  this 
iver  was  established  January  1,  18!KS,  and  is  located  at  a  point  6 
iiles  above  the  town  of  l^ecos,  Texas,  at  the  flume  of  the  Margueretta 
anal.  This  canal  diverts  water  from  the  river  3  miles  above  this 
oint  on  the  west  side,  and  then  the  water  is  carried  over  to  the  east 
ide  by  means  of  a  flume,  where  it  is  used  below.  The  bench  mark 
f  the  gage  is  the  top  of  north  pier  at  west  side  of  flume,  and  its 
levation  is  20.7  feet  above  gage  datum.  The  channel  at  this  point  is 
early  straight,  the  water  sluggish,  the  banks  high,  and  the  bottom 
ftndy  and  shifting.  One  measurement  of  the  discharge  in  the  flume 
^as  made  on  June  22,  when  it  was  found  to  be  85  second-feet.  Two 
^measurements  were  made  on  the  main  river  by  Prof.  Thomas  TJ. 
f'aylor  in  1899,  as  follows:  June  22,  at  a  gage  height  of  0.70  foot,  the 
Uscharge  was  21  second- feet;  the  second  measurement,  on  December 
^,  at  a  gage  height  of  2. 90  feet,  gave  a  discharge  of  345  second-feet. 

In  the  vicinity  of  Fort  Stockton,  l\*cos  County,  Texas,  occur  a  series 
>f  springs  which  contribute  to  the  discharge  of  Comanche  Creek,  a 
ributary  of  Pecos  River.  On  June  23,  1S99,  thiMr  discharge  was 
measured  by  l^rof.  Thomas  U.  Taylor  at  the  font  one-half  mile  east 
>f  the  court-house,  and  the  discharge  was  found  to  be  OG  second-feet. 
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4iai£K>'    laVEK   AT   liKEEXKn  £1^  WYOMlJii-* 

Thw  river  hin*  it^  ^jun-e  in  the  Wind  River  And  Gros^  Ventre  iiiinm- 
tftiji9  in  western  Wyooiinjr;  it  flowi^  southerly*  receiving  a  nnmbiTiif 

ifnjM^i-tiint  tribiHJiri^*-  fn*iij  i*ilh**r  -ido.  and  afii^'  iTMs^in^f  thf  SuUi' 
liii*^  Hows  tfiPiijgh  Vuih.  \ti  thi^  SUD"  it-  priutii»;il  EtSUiilurir-  .nv 
Vampsi  and  Whiti-  riv*^--  fnun  tfi**  i*u-t  ;ind  l)u*he-^tir  Ri\  er  fr«*(i3  ilu" 
vft*jii,  Sixt\  inili'^  )h*1ii\v  thi^  i^nir-'-iiiir  <*(  xli*  liht  (iniiul"'  AVi'^titii 
ICailway  ill  I  Uili,  (tr*'*'u  RinT  juiii^  th*-  ^Tiiiihi  Hi^er  u>  form  ibc 
Colfjmdo-  I'wrj  ir*A;i"ifi^''  ^tiitiun^  htivt*  h<»t*r\  inuintLtiiiril  nn  fli*'  inuin 
rivi'i%  ujM^  ut   'f r*'i*Mrivvr.  WyoJiiinj^^.  ut  tli"'  iTo^-iiijj  ^t{   tlir  VmpiD 

Kii»(.rninflr  Wrsirni  Kail\\u\.  TUv  f-irin*T -taii^n.  *'-t;iMi-iM"l  Ma^  :'i 
lK1f5,  i^  liM^uh'il  lit  tln^  fiuitifi  h"Hi-<^  ttf  i\u'  VtiU>u  V:u']\h-  IhWvt'iul 
t'otri|>juiv.      r\iv  rod   i-   fii>l(*rn*»l   Ut   -i   ]>ilr    iirur  fJir   la^I   <'rni  ^f  tln^ 

ifrifJ^'.       Thi'    iK'irrli    lljEU'k   rnij^Ut.'^    Iff    H  rl'uS"    nii   thr   ihilil   ^!i  [t    j'n»llJ 

th<*  iwittnin  111)  till*  >(iiitb  i^tid 'if  ilii'  r!i>t  ulMitUhni,  uhd  i-  li'.  h  tVii 
Hf*<^v<*  j|34jfi*  diititML       rii*'  JiHl  was  lust   ViTitiid   witli  tlh^  lirrii^h  iiuuk 

diMliurif*'  iii*'JL3iir<'rii*'ril>  uri'  inu(l+'  fmru  tin*  irnn  Ini^jissay  liridL^i^  i\}t^mi 
(*u*'\m\t  mill*  [)<')f?w.  I'Ih"  !t>  ^'niij*"  Euimial  di^rhunjt*  nf  (Tnt  ti  Kiv^rat 
thiM  jKiitit  haviJiif  Iw-i-n  di'E^^nniin  d  f^i-  th*'  last  fi\r  \  i  :ir>,  and  u>  thr 
Wiit<*r  supply  i^  far  ^rrralrr  tlinn  Ih*-  di'Uianfl  bv  ii  riL'ahir-,  iiU>i'i'Aii- 
tioiif^  will  \h^  iWsi'unlhwu^l  in  Ui**  ^l>iiiig  and  atl*'ulJuii  givi*ii   lo  {U** 
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more  iiiiporUiiit  tributaries  of  the  river.  The  results  of  measure- 
ments may  be  found  as  follows:  1896,  Eighteenth  Annual  Report, 
Part  IV,  page  276;  1897,  Nineteenth  Annual  Report,  Part  IV,  page 
395;  1898,  Twentieth  Annual  Report,  Part  IV,  page  380.  The  follow- 
ing dis<;harge  measurements  were  made  by  A.  J.  Parshall  during  1889: 

April  19,  ga^  height,  1.35  feet;  discharge,  1,596  pecond-fect 
May  13,  gage  height,  2.20  feet;  discliarge,  2,661  second-feet. 
May  25,  gage  height,  2.55  feet;  discharge,  8,422  second-feet. 
June  7,  gage  height,  3.80  feet;  dist^harge,  8,234  second-feet. 
June  20,  gage  height,  5.30  feet;  discharge,  15,305  second-feet. 
July  5,  gage  height,  6.25  feet;  discharge,  18,372  setHmd-feet. 
Aligns!  30,  gage  height,  2.10  feet;  discharge,  1,632  second-feet. 

/>//<///  (iwjt'  height,  infect,  of  Green  River  ui  Grcenriver,  Wyoming^  for  1899. 
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BIJirK    FOKK    AT   (JRANdEU,  WYOMINd. 

This  trihuturv  of  (Irren  Riv(;r  ri.sos  in  the  oxtroino  soiithwe.stcrn 
roriuT  of  Wvoinin^,  iiiid  Hows  in  a  gont^ml  north west^M'ly  direction 
until  after  its  junction  with  Hams  Fork,  when  it  turns  southeasterly 
uikI  joins  (ir(»<Mi  Kiv<'r  20  niihis  below  Greenriver  sUition,  Wyoming. 
0»nsid<'rable  irri^ition  is  pnurtieed  on  its  head- water  streams,  almost 
wholly  for  foni^e  crops,  jis  the  elevation  is  too  high  for  div^ersitied 
farming.  The  grnenil  indu.stry  of  tin?  country  is  stock  raising,  the 
herds  lK»ing  mngi^d  on  th<?  hillside  during  the  summer,  and  during  the 
winter  fed  the  hay  mised  by  irrigation.  The  station  on  this  river  was 
cstahli.shed  April  28,  IJSUT,  and  is  located  l)elow  the  mouth  of  Hams 
Fork  and  about  a  quarter  of  a  mile  below  Granger.  The  rod  consists 
of  a  horizontal  timlx'T  fastened  to  two  upright  posts  set  firmly  in  the 
l>ank  of  the  river.     One  end  of  the  timber  to  -vYsicYi  VSaft  Vyc^  ^gi^'Sa 


288  OPERATIONB   AT    RIVEK    STATIONS,   im9, PART    IIL         l^t^« 


fii.HtAiniHl  projects*  out  over  tho  water.  The  bench  mark  is  u  rail  j^piii 
in  an  ohl  tie  i^5  feet  we«t  of  inside  por^t  of  gage,  marked  *'J1.  M^^'k 
hlftc^k  jmint,  and  is  at  au  elevBtion  of  8,74  feet  alx>vc  gage  datmn.  Tin 
XDd  was  Uu^t  verified  with  the  hetuh  mark  Augiu^t  30, 18yi3,  The  requite 
of  nitJHKurementi*  may  \m  found  an  follows:  1897,  Nineteenth  Aimutl 
Uep*jrt,  Part  IV,  page  Sl^H;  1898,  Twentieth  Annual  Report,  Fart  If,  \ 
pagi^  H^l2,  The  foUowiDg  diiicharge  mea^surenients  were  made  by  A.  I 
Parshall  during  18^^: 

April  19,  gage  height^  LS5  feet;  dischargt;,  7(5^  Beoond-feet. 
MAy  13,  gage  height,  3.30  Jtiet;  ilischaj^fe,  2,229  second-feet. 
May  25,  ^igo  heiieht,  3.(W)  fwt;  dii^'harge,  2,535  second-fet^t 
.Juru*  7,  (s^age  heiifht,  5,10  feet;  diaelinrgt\  4,776  st^cond-fet^L 
Anne  «M)^  ga^  heiglitt  5.70  feet;  disehar^,  ii,5<J7  i^Jt'onil-feet. 
July  Jj.  K*4^*  lieii^ht,  XIKJ  fwt;  iU*ii;'har^n%  2,074  w^*ond-feel, 
Au^wst  30,  gti|?^?  htii(rht»  0,20  fcxit;  i.liHc*lmiKeT  101  m-^ccmd-feat. 

Ihtitff  fjti»jt'  hftghty  in/ctii  itf  Dktrk  Ftfrk  at  it  ranger  ^  Wffmninff^  for  IS9B. 
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UINTA    RIYEU    NKAlt    WHlTKllOt'KHS,   UTAH, 

Uinta  River  lias  it-^  £jOuree  on  the  soul  ht- in  !slo]>e  of  the  Tin  la  Mouo- 
tiiin.s  in  iiortheu!>tei'n  Ttah,  iiiul  Ihiws  in  iipMiernl  southeiL^toily  tlirei^ 
tioiij  emptyini^  intu  Durlirsne  KiviT  iihnut  15  niile;^  iLiK>\e  it.^  muutt 
It453  drainage  unvi  is  inrhith-d  vsitiiin  tlir  I'intu  Indian  Ke>ervatiou>  | 
During  the  fall  of  ]su\^  an  investitfatioii  i>f  thr  water  sui>ply  <sf  the 
ririta  Jndiaii  Rr,sprvatio!i  was  fu-L^im  by  t'yius  ('.  l^sLhli,  iuul  in  tbb 
connection  a  number  of  paging  ytiition.s  were  e.stablishinl.  UiutA 
Kiver  emerges  from  it«  canyon  about  10  miles  northwest  of  the  Indian 
agency  at  Wliiterocks,  and  at  t\i\s  \xw\\V  \i.  "^^^^^wv^  ^ly^tlon  w  as  Cv^tab- 
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led  September  16,  1899.  The  gage  rod  in  a  2  by  4  inch  tiinl)er,  12 
»t  long,  bolted  to  two  trees  on  the  left  bank  of  the  stream.  The 
Dch  mark  is  a  nail  in  an  aspen  tree  125  feet  north  of  the  rod,  and  its 
svation  is  8.93  feet  above  gage  datum.  Discharge  measurements  are 
ide  by  car  and  cable.  The  bed  of  the  stream  is  very  rocky  and  strewn 
ith  large  bowlders,  and  the  station  is  not  altogether  satisfactory, 
I  account  of  the  roughness  of  the  channel.  During  high  water  the 
jlocity  undoubtedly  will  be  great,  owing  to  the  rapid  fall  of  the  water. 
.  few  hundred  yards  above  the  station  an  important  tributary  comes 
I  from  the  east.  At  the  present  location  a  second  channel  has  to  l>e 
leasured,  but  it  will  never  carry  a  large  volume  of  water.  Farther 
own  the  stream  a  numl)cr  of  larger  channels  arc  formed,  so  that  it  is 
iffieult  to  obtain  a  satisfactory  station.  Daily  records  of  gage  heights 
rere  not  maintained  at  this  point,  but  fre<|uent  mejisurements  of  dis- 
harge  were  made  by  Cyrus  C.  Babb  and  C  T.  Pmll  during  18JH),  :is 
rflows: 
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WHITEROCK8  RIYEK  NEAR  WHITEKOCKS,   UTAH. 

This  stream  drains  the  country  immediately  east  of  the  heiul  watei*s 
Uinta  River.  It  has  its  source  in  the  peaks  of  the  Uinta  Mountains, 
hich  attain  elevations  of  over  13,000  feet.  The  geneml  course  of  the 
ver  is  southerly,  and  it  joins  the,  main  Uinta  through  numerous  chan- 
ils  l>ctwecn  \Vhitero<!ks  and  Fort  Duchesne.  A  gaging  station  was 
tablished  in  the  canyon  of  this  river  about  10  miles  alK)ve  the  United 
tates  Indian  agency  at  Whitesroiks  on  September  16,  181*1),  by  ("yrus 
.  Babb,  in  connection  with  the  investigation  of  a  watt^r  supp  y  for  the 
inta  Indian  Reservation.  The  gage  nxl  consists  of  a  2  by  4  inch  by 
\  foot  timl>er  lx)lted  to  the  triple  trunk  of  a  tree  on  the  left  bank  of 
18  stream.  The  l)ench  mark  is  a  nail  in  a  burnt  tree  50  feet  east  of  the 
d,  and  is  at  an  elevation  of  10.12  feet  above  gage  datum.  Discharge 
easurements  are  made  from  a  car  and  cable  200  feet  alK)ve  the  gage 
d.  The  bed  of  this  river  is  very  rocky,  is  strewn  with  large  bowlders, 
d  although  permanent  in  character  is  not  altogether  satisfactory 
cause  of  the  fact  that  it  is  impossible  to  obtain  ac(*urate  soundings. 
lily  gage  heights  were  not  read  at  this  point,  owing  to  ita  diatauce 
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trtSrXA    Ml¥Ea  jit  FOKX   UUCUE£3(E^  UTAH. 

Tliifb  rtver^  oo  it#  eoii^j^Dee  fraiti  ite  canjcMu  irpread'^  oul  in  nil 
[hum  rlttiitidfl  iiTer  ita  flood  plaiJi  aotil  m  short  distance  ahore  Fo 

■DC,  wbens  its  w»tet«  are  ei:ilieicti^  in  ewe  cboniieL  Wiul 
Biirer  eolmis  mmw  distAiice  above  thi^  poinL  A  otnuber  of  csnab  I 
the  tiae  of  Ibe  Indiaiu*  dK^ert  wmti^r  belween  Fort  Di'cbesQc  and 
mgcmj,  On  the  easl mie  are  a  tiumher  of  small  ditches,  which  in! 
agigregatt?  take  «oiiBidf!imli}e  waler;  but  tlie  amount  i^  diflicult  toi 
mate.  <.h>  the  4»«JNt  i»iile  arc  two  jiriiteipal  ditches,  known  gus  CmmE  Na 
1  iitid  Bimcb  ditch.  The  former  wn»  tuea^ured  on  Octolwr  14,  l^^ 
mn\  Wit.H  th**ti  'lirryiriK  It?  r^crf^nd-fof^t:  its  niaxinmin  (^parity  is  tilx 
dou}>l«*  this  <|UMntity.  Bench  ditch,  near  it>  head,  on  the  same  day, 
was  di.s<-harj4^in<^  4*.^  second-feet:  its  niaxinmni  capacity  is  soinewln'i'e 
in  tlie  neirfhliorhiXHl  of  75  second-feet.  This  station  was  cstahlisluKi 
Sept4-nihcr  14,  1S!V.»,  in  connection  with  the  investii^ation  of  the  water 
supply  for  the  Tinta  Indian  Reservation,  and  is  located  at  the  liitrhway 
hrid^e  at  the  fort.  The  permanent  rod  was  established  Noveniher  8, 
INIM),  arifl  is  nailed  to  the  southern  end  of  the  east  cril>  of  the  now 
hridj^e.  The  })encli  mark  is  a  nail  in  tlie  southeast  <ril>  in  the  tirst 
header  ahove  tlie  }>ottom,  and  is  at  an  elevation  of  4,1»I(>.  l.*>  IVm^.  The 
elevation  of  the  zero  of  the  rod  is  4,1M)7.*J0  feet.  Daily  pip^  rc:i<liiii^ 
wei'e  not  ohtained  at  this  place.  Th(^  followini,'"  measurements  (»f  <ii>- 
<*har;^^e  werr  made  ]}y  Cyrus  (\  Bahh  and  ('.  T.  Prall  during-  1M»'.»: 
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UINTA   RIVER  AT  OURAY  SCHOOL. 

This  river,  after  leaving  Fort  Duchesne,  receives  as  its  principal 
tributary  Dry  Gulch  Creek,  which  enters  from  the  west.  The  natural 
flow  of  this  tributary  oc<!urs  only  during  flood  stages,  but  for  several 
years  there  has  been  a  constant  stream  in  it,  being  the  waste  water 
^Tom  the  Indians'  ditches  above,  princijmlly  from  Canal  No.  1  and 
Sench  ditch.  The  st^ition  was  ostublishod  November  8,  1809,  and 
is  located  at  the*  highway  })ridge  ov(»r  the  river  near  the  Oumy  School. 
The  rod  is  nailed  to  the  oast  end  of  the  south  crib  of  the  wagon  bridge. 
I^nch  murk  No.  1  is  the  hoiul  of  a  nail  in  the  extreme  northeast 
oorner  of  the  bridge  floor,  and  is  at  an  (»Ievation  of  4,745.97  feetalH)ve 
»4€a;  l»en<'h  mark  No.  2  is  a  nail  in  tho  flagstiiff  of  the  school,  ynth  an 
elevation  of  4,700  feet.  The  eh^vatioii  of  the  zero  of  the  rod  is  4,737.36 
feet  During  low  water  m(»asurements  are  mad(\  })y  wading,  at  a 
Section  200  feet  below  the  bridg(\  and  at  high  stages  they  are  made 
^roni  the  bridge  itself.  The  section  is  a  good  one*,  although  the  center 
X)ier  of  the  bridge  will  interfere  somewhat  with  the  accuracy  of  the 
Results  when  measurements  are  t4ik(^n  theie.  The  following  measure- 
ments of  discrharge  were  made  by  Cyrus  C.  Babb  and  C.  T.  Prall 
during  1899: 

November  15,  gage  height,  0.5.3  f<K>t;  diiwharge,  124  Hocond-feet 
N«»veinljer  20,  gagi-!  height,  0.5<i  ffx>t;  <liH(^harge,  124  second-feet 
D«^iml)er  2,  gag«^  height,  0.49  f(K)t;  dincharge,  120  Hecond-feet 
Deft;nil)or  9,  gage  height,  0.50  f(x>t;  diwrharge,  115  i^econd-feet. 
Dw'eiiilK'r  16,  ga^e  height,  0.45  f<M>t;  diHcharge,  103  wnjond-feet. 


fMiUif  tjiigf  height,  in  feet,  of  Vuita  RJrrr  at  Ouray  Sr.hiy)ly  J^ah,  for  1S99. 
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DUGIIESNE    laVEK   AT   PKK^K    ROAD    BRIIX^K,  UTAH. 

This  stream  has  its  source  in  the  high  peaks  of  the  Uinta  and  Wasati^h 
mountains,  and  flows   in  a  genenil  easterly  direction,  emptying  into 
GrecMi  Kiver  3  miles  alK>ve  the  mouth  of  White  River.     Pnictically 
Uie  entire  drainage  basin  is  included  within  the  Uinta,  Indian  Reserva- 
tion.    Stniwberry  Creek  is  an  important  tributaiT  of  the  Duchesne 
*nd  includes  within  it<^  IwLsin  a  tiiK*t  of  very  tine  grazing  hmd,  known 
^  Stniwl>erry  Valley.     The  area  is  of  a  rolling  chamcter  in  contrast  to 
Uie  bosin  of  the  upper  Duchesne,  which  is  distinctly  mountainous. 
A  number  of  nieasui*ements  were  made  of  the  tributaries  of  Duchesne 
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mntim  tbe  fidl  of  UM,  m  cMMrdon  vitt  tlie  wmter<«tipplj  weoi^ 
p£oM  lor  the  Vmim  Udimm  Bc^rrtfiim.     In  StzvwberrT  Vi 
mmmh^  of  «taan  tribiriftriai,  mwmwfpag  mboat  one  fiec«»id-fcx>c 
tnrtribvtfe  to  Um^  nnir  ^  ^^"^  ^^*V-     ^  Sqitember,  1^;^.  Cq 
OMc  wm  ^m^mrgmg  90  jcrofid-feet^  the  rrciiiing  of  t2^  Pturo 
Fort  OiuleiM  rittd.     Bfil  CndL,  Ivifcrr  ia  the  e«st,  wms  at  tbn 
K  j#i?cifid'f«>eL     StnwbeiTT  Cr«ek   4  tnila*  mhov% 
oo  Sept^^fnhi^r  Iv  and  foancl  to  be  canriii^  l\ 
mr^rmd-ff^t.     IhMfheime  Btf^r  imni^iiately  aJw>re  Strairberrr  VmS 
ns  cmrrrtng  en  tli€  mMttt  daj  3ilS  si^tjod^f e^t.    L^ke  Creek  i^  an  ttapor^ 
tsitt  tribiitarj  of  Ihitiiftustifi^  River  trma  the  ucrrtb.     At  th«  bridge  nfir 
tt*  ftiijutli  it  w&i  f'«iD4  to  tie  rarnring  1;^  ?*ef«fid-feet  oo  Sept^TiitH 
IL     Thi?  alatioii  on  Ihxcb^m-  Rirer  waii  established  October  36,  IS^* 
and  in  lorat«4  S  ntlb^  helttw  the  mouth  uf  Lake  Cr^k  at  the  higliKi] 
tlridlg^  nti  the  5iagi?  rciad  from  Price  to  Fort  Dwcbfttnie,     The  pe 
neol  gn^  rod  wm  plac^'d  November  1^^  W^^  aiid  it«  nailed  to  th^MSlj 
Hide  of  the  c^ati*r  pier,     fie^icb  mark  No.  1  tfi  a  wire  nail  in  a  log 
to  the  rod,  and  i**  o|i|Ki^ite  the  7-foot  mark,     Bein^h  mark  No,  ifai 
wire  nail  on  the  w^^  «ide  of  the  crib,  with  an  elevsition  of  5.4S  M 
abovi!  ^a^!  rkltmi.     The  titeictioii  at  this  point  m  very  goocL  with  t 
modeimU*  velotity  of  water.     There  h  one  pier  in  the  center  of  tb* 
tlr«ain  whicb  cloe»  not  inaterially  affect  the  aceuracr  of  the  n^uluaC 
low  water^  but  presunmbly  will  to  a  eertain  extent  during  the  flfiod 
MMiivjn.    The  fallowing  ineiiMtirementN  of  dii$ehaTge  were  made  l>y  tVnfi* 
(X  Unhh  nnd  V.  T,  Fnill  diirinjr  lH*+t*; 

Xr^vi'jiiUT  lf>,  \iii^i*  height,  5,50  fot^;  ^11-^  han»it',  +^J<)  i5t.*<\ij>il-kvL 

JJi'i-^miiUt  7,  jia^^  height,  5.oO  feet;  ilij^-hiirv^j  386  sH.'Contl  h%*t. 
[hH^k^Miln'T  Hj  gag*?  htnght,  5.10  fix-l;  (Ushhanje,  80^  w^'ond-ftvt 
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This  rn  t*r,  in  []u\  Uavi'V  (HJrtioii  of  its  rtuirsr.  tl rains  a  t'uu^'^h  at^^i 
brtiki'ii  i*c>nntry  iti  **ii><U^rn  LUuh  not  Hasei'ptifjlo  (if  irripition  uml  hsinll^ 
H(lujJh'<l  tci  ^''I'liziii*^'^  [HirjHiscs,  It  is  in  I'unyon  ituist  rif  \t<  way  )>t*li'^' 
tin'  liiulimntli*  Wt*Mti*rn  Kuilwuy  ittul  is  wry  in;lrt■e.ssi)*lt^      Alnait  ti^' 
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QjOB  below  tbenQioaderoBBing  it  receives  the  waters  of  Orand  Biver, 
id  the  two  streams  form  Colorado  River.  The  station  located  at 
^,  Utah,  was  established  October  81, 1894.  The  rod  of  tJbe  wire 
\  18  muled  to  the  guard  rail  on  the  lower  side  of  the  railroad  bridge, 
he  elevation  of  the  top  of  the  pier,  to  which  the  old  vertical  rod  is 
tteohed,  is  82  feet  above  gage  datmn.  The  results  of  measurements 
mj  be  found  as  follows:  1896,  Eighteenth  Annual  Report,  Part  IV, 
age  278;  1897,  Nineteenth  Annual  Report,  Part  IV,  page  398;  1898, 
Srentieth  Annual  Report,  Part  IV,  page  387.  One  measurement  of 
iacharge  was  made  during  1899  by  J.  S.  Baker,  on  June  28,  when,  at 
rgage  height  of  10. 19  feet,  a  discharge  of  52,378  second-feet  was  found* 

Daily  gage  heighi^  in  feet,  of  Green  River  at  Blake,  IHahj  far  1899. 
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Station  diMxmtinucd  November  15. 


GRAND   RIVER  AT  GLENWOOD   SPRINGS,  COLORADO. 

This  river  lias  its  source  on  the  western  slope  of  the  Continental 
'^vide  in  north-central  Colorado,  near  the  head  waters  of  North  Platte, 
^th  Platte,  and  Arkansas  rivers.  It  flows  in  a  general  southwesterly 
Erection,  passing  out  of  the  State  into  Utah,  where  it  joins  the  Green 
ftiver  to  form  the  Colorado.  Little  irrigation  is  practiced  along  the 
llain  stream,  owing  to  the  comparatively  small  area  of  land  that  can  be 
utilised  for  that  purpose.  Two  stations  were  maintained  on  this  river 
huing  1899,  one  at  Glenwood  Springs  and  the  other  at  Grand 
^Unction,  Colorado.  The  former  station  was  established  by  A.  L. 
^tDofWB  May  13, 1899,  at  the  request  of  the  Denver  and  Bio  Onmde 
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CompiUiT,  and  U  located  at  the  mQroad  bridge  one-fourth  o( 
mile  wa^  of  the  railroad  i^ftaiioii,  and  abore  the  motttb  of  Boarii^ 
F'ock.    A  witv  gage  in  b&n?  umA.     Dtschaige  nit^&^remeat^  ai^  made 
tHie  vigoti  bridge  oppo^iti^  Colorado  Hotel  in  the  town.     The  chflfi* 
U  gocNL  compotied  of  grai'^i']  and  rook,  atid  not  liable  to  gmt 
The  \mi%k>  aiv  not  34ubjt<*t  to  overflonr.     Gag©  readingbi  wers- 
pn  cwly  during  tbc  high*waier  BeasoQ/ having  been  distx>ntiiiui<d 
foly  17,  but  tbg  ^frtatioti  will  probablj  b^  r^j^iim^d  in  1900,  whu 
laoti^H  nH'ia.surempnt^  will  W  made*     Roaring  Fork  was  inea^uml 
during  the  ycmK  the  tii^t  time  on  June  IT,  when,  durifig  tha 
flood  BtHg^  the  di^^harge  wa^  found  to  bo  ll,2588eooiid-fe«t;  the  smjfli 
time  on  Xnvein^»er  17,  when  a  dbcbarge  of  4f>T  s©tx>iid-f<Mit  wa.^  founi 
TlL^e<^  Die&surt'ii»eDt^  at  the  gaging  gtatjon  were  made  by  A,  L,  FAhm 
tin  18M,    The  first,  oti  JIaj  t:i.  at  a  gage  height  of  6,05  feet,  ^bowtni 
na  discharge  of  17,577  tM?ii*ond-foet;  the  .HiH"<>iid,  on  June  17^  at  a  ir^ 
flie^t  of  10.  iS^  f eet,  ^thowed  a  di^harge  of  2i*,lK7  i^ecxmd-feet:  tb 
Ihird^  on  Novexober  17,  at  a  gage  height  of  2:,  75  fwU,  gave  a  discluirgv 
Lof  1,084  aecood-fect. 

Doillf  go^  kright^  m  faetf  of  Gnukd  River  tH  O^emvfmfi  Sprin^K^  fhimndo^  far  /^ 
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ORA>'i>  RIVER  .^T  r;ii.\Nn  .iiNi^nnx,  roLmtATVv, 

The  station  at  thiy  \mnU  established  tJctoliev  18,  IMI4,  is  Isn'iitinlnt 
the  wagon  liridtjc  acros.s  Gnuid  KivtM\  near  tlie  pump  hoiis*^  of  lln'  t'i'f 
waterworks  at  Grajut  Junction  and  a  shoit  dij^tame  ahnve  tho  numlb 
of  Gunnison  Riven  The  river  at  this  point  di.s^Oiaiyes  thnniirh  Ivm^ 
rhannels,  :irul  a  separate  record  of  each  is  niairUairu'd,  witli  scpnr!^!** 
discharge  nieasurenients.  The  water  in  the  ri^ht-hand  cliannel  (i'»»^ 
not  run  during  the  entire  year,  and  in  1899  there  was  a  disrharirc  in  it 
extending  only  from  May  10  to  July  15,  inclusive.  Gan-o  rod  N(\  I. 
in  the  right-hand  channel,  consist:^  of  a  4  by  t*»  inch  tim])or  bnlt^Ml  to 
the  bridge  abutment  on  the  right-hand  side  of  the  right  channel.  IV 
bench  mark  is  the  top  of  the  bridge  abutment  and  is  12  f(M^t  ahovc  u-aj^o 
datum.     The  horizontiil  wire  gage  No.  2  is  fastened  to  tlie  u])per  side 
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?  bridge  over  the  left  channel.  The  bench  mark  is  a  cross  on  iron 
)f  bridge  at  592-foot  mark  on  right  abutment^  and  is  31  feet  above 
datum.  The  resiilti*  of  measurements  may  be  found  as  follows: 
Eighteenth  Annual  KeiK>rt,  Part  IV,  page  261;  1897,  Nineteenth 
lal  Report,  Part  IV,  page  401:  1898,  Twentieth  Annual  Report, 
IV,  page  389.  Onh'  two  measurements  of  dis<^harge  were  made 
ig  the  year  on  the  right  channel,  and  thest^  by  A.  L.  Fellows.  The 
on  May  13,  with  a  gagt»  height  of  3.15  feet,  gave  a  discharge 
758  second- feet:  the  s^M-ond,  on  June  IS,  Avith  a  giige  height  of 
feet,  showed  ii  discharge  of  8,'.»54  s»H'ond-ft»et.  During  1899  the 
wing  iiieusuivuients  of  discharge  on  the  left  channel  were  made 
..  L.  Fellows: 

-\pril  15,  gage  height,  4.70  feet;  dinoharge,  2,946  Peoond-feet. 
May  13,  gage  height,  10  feet;  dipcharge,  20,395  second-feet. 
June  18,  gajre  height.  11.55  feet;  discharge,  30,000  Pe<»ond-feet 
September  19,  gage  height,  4.20  feet;  diacharge,  1,9H9  Becond-feet 
Novemlxrr  18,  gage  height,  3.90  feet;  discharge,  1,916  second-feet. 

nly  gage  height,  infffty  of  Orawi  Rirrr  nt  (irand  Jnnriiony  Colorado j  for  1899. 


[Rod  No.  1.] 


Itoy. 

Jane. 

Jnlj. 

Day. 

May. 

June. 

July. 

I>*y. 

May. 

June. 

Jaly. 

8.90 
8.96 
8.80 
8.40 
8.06 
2.96 
2.96 
8.26 
8.46 
8.90 
4.86 

8.90 
4.00 
4.10 
8.90 
8.40 
2.90 
2.66 
2.26 
1.90 
1.80 
1.20 

12.... 
18.... 
14.... 
16.... 
16.... 
17.... 
18.... 
19.... 
».... 
21.... 
22.... 

1.96 
8.05 
8.66 
4.00 
4.80 
4.46 
4.10 
4.20 
4.20 
4.16 
8.60 

4.86 
6.46 
6.  HO 
6.90 
6.86 
5.75 
5.70 
6.90 
6.10 
6.46 
6.10 

0.90 
.95 
.80 
.20 

23.... 
24.... 
=  25.... 
26.... 
27.... 
28.... 
29.... 
30.... 
31.... 

^70 
2.00 
^96 
8.86 
8.86 
4.10 
8.86 
8.80 
8.96 

6.80 
6.20 
4.86 
4.70 
4.60 
4.10 
4.00 
8.96 

'"'6.'46* 

.90 

Water  wm  ranning  in  thia  channel  only  during  the  time  when 

IBR  37 7 


reooidf  are  giren. 


296  OPEEATIONS   AT   HIVEH    CT4TI0NS,  1*199, — FAET   IIL        Mn. 
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1A«%  jwsjr  A«^/e/^  in /eel,  «/  f?fa»if  iti«irr  al  Grand  Jvndtion^  Ojk^rad6,fi^  09$. 


I 


1           DW- 

ft*. 

ihr. 

3.40 

%m 

I.4& 
a»l 
&fO 
IfO 
a.  00 

SLeo 

8.00 

a.  00 

!L?0 

&^ 
106 
4.40 
4.0) 
4.66 
4.10 

£S 

fi.i« 

5.«l 

6,» 
7.00 
7.56 
7.70 

no 

M*..| 

JIID«. 

JiUy.    All*. 

Sept, 

OlU 

Kor. 

u% 

1 

i 

1                            --•»    -*. 

<k» 
€.06 

&.«0 

i:.oo 

fi.40 

I.  fa 

10.3& 
10l€& 
10.  «& 
10L90 

mio 

1«.0D 
10.80 

laeo 
iao& 

9.60 
».S6 

10.45 
10,75 
10.70 
ia4S 
10.40 
10.  iO 

l&SO 

10.45 
10.  oo 
».S0 

».30 
9.55 

10. 50 

10  4A 

IU30 
ILdO 
1L70 

11  6& 
1L65 
ILOO 

n.m 
u.m 
11. « 

IIJB 

11. » 
ll.lfi 

10,90 
10. » 
10.06 
10.^ 
10,40 
10, » 

10.80 

tO.JW 
IO.ii<* 
10.35 

0.S6 

9.m 

0.05 
S.70 

1^40 

7.45 

-8* 
7,26 
7.1& 

7.0ft 
^^ 
dKG 

«.eo 

<LSO 

G.5a 

6.  so 

6.fi0 
6.10 
7.35 
7,00 
6,Bft 
6.«5 
0.4a 
6.20 
&90 

&.7a 
5.66 

5,55 
a.  45 
5.40 
5.35 

5.25 
5.20 
5.15 
4.!lfi 
l.« 
4,75 
4.«5 

4,50 
C4& 

ts 

4.90 
4.30 

4.45 

4.f^ 
4,  CO 
4.45 

ts 

4.10 
4.10 
4.10 
4.05 
8.95 
4.10 
4.» 
4.80 
4.  SO 
4. 2D 
4.15 
4.10 

Is 

8.90 

if 

1 

1. 

>""";::" 

S-W 

t    i        • 

A  ,     .  ^..., 

S ;: :: 

.,.....j 

?:::;::::::::;::: 

•  *''' 

8100 

1,,,, 

i^w 

isfi 

»;  :: 

«* ;     ;: 

* 

S,«0 

u ^ 

1799 

S;" :""  ""t 

, L..... 

L 

■ 

1 

«'**'*** 

140 

t.30 

!•***     ""               * 

l^""*'"'"*''  "'*" 

'" 

Ig,^,.,             

a.«o 

1 

If,w.»,*.w.*^,,., 

4.40 

20***          i^,- 

*"*"" 

* 

n,,, ,. 

3BF>   Bfl'VKAfl^lB-HBa   KB** 

CIO 
4.10 
4.10 
1.00 

iio" 

'  — 

8.9 

!!...... 

'""""' 

.. 

*.I1P 

T« 



^k*#««I««««^**ta-T 

IF-n,-*r 

'^^' 

-— - 

%m 

Sn;;;;;;;;;:;;:; 

< 

S::::;::::::::::: 

i 

i 

qRl¥^ 

rfnm/n 

1 

imOOMPAHGBK    RIVKR   AT    H>KT   t^HAWFORD,    tX>LOEADO, 


Thii^  rivrr  ha^^  it**  .^011  n*o  in  Ourav  IVninty,  in  tbo  hifrh  |V!ik^  b 
fM^uthwp.stiTn  Ojloi'Mfio,  and  tlnwsiii  u  g**m'ntl  north wf^^tnly  ilirHtion. 
entering  (riinnison  River  at  ?Vltu*  The  iipp'r  ptirtion  of  it>  dniii]^^ 
bisln  is  TiiountKinoiw,  hut  prcK^endinif  down^tn^uin  the  rhnnviti^t 
elmnge-i  lu  11  riK^re  rolling^  rountrvs  und  irritfutinii  i-;  pi^-^sihle  riloMirll^^ 
vaMeys  and  MdjtuTnt  niesus.  In  thi^  vieinity  of  Montra^e  a  miniherof 
eimjilf^  div«Tt  nearly  all  iif  tlie  low  wttte^r  f\u\\\  and  Te(*ourse  niu>t  ^^ 
had  t*>  slnHis^r  fnr  thr  further  irripiti^n  of  th^^  ruuntry.  The  ^tatioo 
eKtahlishfHl  Junv  :.C^  lMt*5,  i.s  lorated  a^iout  one-half  mileeti^tof  the 
de[M»t  at  Fort  (*ravvfr>rd,  at  a  wajron  liridiL'*'^  air<l  i^  lUniut  ^  iiiiN 
a)>^:lve  MnntriJ.'^i^*.  The  pit.n*  ron.'^ist,s  nf  an  incliia'il  liiuhi'r  holirilt^ 
th<*  Itrid^'-e  tiesth'  on  the  ritflir-hand  side  of  tlie  streauj,  Thi'  Iil^ihI) 
mark  i^  a  ^piki-  drivtMi  int<i  th**  has**  f if  a  rottonwur^l  |Hi^t  nrur  hy.aud 
i.H  *M>S  feet  ahove  "ja^n*  datnrii.  Tlie  rhiiniu'l  h!i>  \\vvt]  ehanirhi^' * 
great  deal,  aial  a  new  loeatiun  fur  tbi^  statiini  will  pra^nibly  1m>  towiA 
during  tlie  next  sea.^on,  On  Sept<*nih^r  2U  a  ne^asureinent  of  ih^^ 
river  was  irnidi*  at  Montrose,  at  a  ^ai^^f  hein-ht  of  0.40  foot,  ivbii'b 
gave  a  d  [sr liarge  of  15  seeond-feet.  On  NovtnuhiT  :^U,  at  a  ^raj^'^ 
height  of  (i.4ij  foot,  at  the  same  p<jint,  the  discharge  was  15  second'f^'"'t 
A  mea^^urement  of  Montros<.>  <*urjal  at  its  head  gale  was  made  .S^pLotu- 
ber  ^1,  at  a  gage  height  vif  u.t>T  ftiut,  :tnd  showed  a  diacburge  of  3<J 
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nd-feet.  Results  of  measurements  may  be  found  as  follows:  1896, 
iteenth  Annual  Report,  Part  IV,  page  ^t>t>:  1897,  Nineteenth 
ual  Report,  Part  IV,  page  402;  1898,  Twentieth  Annual  Report, 
t  IV,  page  391.  The  following  measurements  of  discharge  were 
e  by  A.  L.  Fellows  during  1899: 

April  16, gage  height,  4.o0  feet;  diK'harge,  328  second-feet. 
May  15, gage  height,  5.22  feet:  diecharge,  747  8ecun<i-feet. 
June  15),  gage  height.  5.18  feet;  discharge,  773  second-feet. 
September  21,  gage  heiebt,  3.»)5  feet;  di^'harge.  <W  Het*ond-feet. 
November  20.  gage  height.  3.70  feet;  di.«**»harge,  79  j«e<*»»nd-feet. 

y  gage  height^  in  feft^  of  I'nttnnptih^t:   Rir*r  at  Fori  i'ratrfor«i,  O'f^'mdo,  for  1899, 


D»F. 

Apr.    May.  'junt'.  July. 

.\iiK. 

S4-pt. 

Iiay. 

.\pr. 

May. 

J  line. -July.   .\ii||r. 

Sfpt. 

i 

1..-. 

4.a5     5.05     4.70 

4.00 

3.  HO 

17 

4.55 

5.  as 

.5.35  '  4.  .^5     3.N5 

3.70 

2.... 

i  3.  W)     4. 4o     5.  tfi     4. 70 

4.15 

3.W 

18 

k.m 

5.45 

5.35     4.4.^     a.hfi 

3.«J 

8.... 

1  3.W     4.3.'>     4.K)     4.W 

4.K> 

2.yi.=» 

19 

4.T1R 

o.ao 

.\30  1  4.15     ■A.m 

3.70 

4..-. 

.  ».S0     4.35     A.M)     4.i'> 

4.»VS 

2.9fi 

20 

\.^S 

\.^ 

h.ir.    A.SS    :^.so 

3,75 

5.... 

S.nH     4.3U     4.35     4.35 

4.M 

2.K) 

21 

4.3.T 

4.W 

.^.10     4.:«     :i.75 

3.75 

£.... 

,  3.W     4. 4<»     5.U>     4. 25 

4.30 

2.KI 

•^1 

4.W 

\.^> 

5,0.>     4.'JA     XTO 

3.ti0 

7.... 

3.M)     4.35     5.U5     4.-2D 

3.90 

2.W 

23.]!!! 

A.m 

i.H} 

4.95 

4.0ft     ^1,70 

3.50 

«.... 

:  3.N5     4.30     5.<)0     4.10 

3.Vft 

2.hO 

24 

4,5k 

4.  VA 

4.W 

4.W 

3.35 

3..-U) 

9.... 

■3.95     4.;«     5.15     4.25 

3.« 

2.K) 

25 

4.t:i 

4.» 

4«l 

4.10 

3.K.5 

3.55 

10.... 

4.25     4.40     5.45     4.20 

3.90 

2.75 

'26 

4.  TO 

.VU) 

5l00 

4.30 

S,W 

3,55 

11.... 

4.15     4.70     5.40     4.35 

4.00 

2.80 

27 

4.fi8 

5.10 

4.90 

4.3& 

3.01 

3.50 

12.... 

4.25     4.65     5.45     4.45 

4.00 

2.85 

28 

4.5S 

,V10 

4.S5 

4.00 

a.«5 

3.50 

13.... 

i  4.30     4.90     5.85     4.50 

3.95 

2.90 

29 

4.45 

5.10 

4.IQ 

4,10 

31.40 

3,45 

14.... 

4.35     5.10,5.75     4.50 

3.95 

3.85 

30 

4.:i» 

5,  as 

4.70 

4.15 

t.M 

3.45 

15.... 

(4.40     5.15     5.85     4.35 
!  4.56     5.25  1  5.55    4.40 

3.95 
3.»5 

3.95 
3.70 

31 

5.35 

4.05 

&ao 

16.... 

Clofivd  fur  the  winter  September  30. 


GUNNISON    RIVER   AT  GRAND  JUNCTION.  COLORADO. 

hi:*  rivor,  the  principal  tributary  of  Grand  River,  has  its  jjource 
the  western  slope  of  the  Continental  Divide  in  south-central  Colo- 
0,  and  flows  in  a  general  we>terly  dire^-tion  into  (irand  River  at 
ind  Junction.  There  Av**rc  two  gatrinjjT  stations  maintained  within 
basin  during  the  last  >ea.>r>n.  on«»  at  Fort  Crawford,  on  the  Un<*om- 
gre.  and  the  other  at  (inmd  Junction,  at  the  iiuuith  of  (junni-^on 
er.  This  latter  station  wa<  c«»tabli«*hcd  in  May,  lv.*7,  and  is 
ited  at  the  iron  highway  bridge  one  and  one-half  inilc<  from  the 
'n  of  Gnind  Junction.  The  gage  i>  verticjd  and  «on>ists  of  u  timber 
ted  to  the  stone  pier  of  the  liridge.     The  IhmicIi  mark  is  the  top  of 

capstone  of  the  l»ridge  pier,  and  is  17.«^*»U  feet  aJ>ove  giige  datum. 
»  mea>urement<  here  an?  not  satisfactory,  owing  to  the  fact  that  at 
h  stages  of  Grand  River  the  water  Vmcks  up  the  mouth  of  the  Gun- 
Dn  considf»i-ably  aUjve  the  point  where  the  gage  rcxl  uiH)n  the 
er  is  located,  thus  affe<-ting  the  gage  readings  .>o  seriously  that  no 
isfactorj-  rating  table  i-iin  be  made  for  this  |X)int.     The  station  will 

be  resumed  the  coming  year.  Results  of  inea.surement8  may  be 
nd  an  follow.**:     1h97.  Nineteenth  Annual  Report,  Part  IV,  page 
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1S£>S.  TweDtieth  Annual  Report,  Part  IV,  page  390,     The 
f  lowing  men^^iu'ementi*  of  dL^^haiige  were  made  by  A,  L,  FbUow&  d« 

April  15,  gttigtf  hL4gltt»  3,50  ttxi;  dtfcliar^e,  S.002  set^and-lee^ 

J  nil**  18,  j!3tt^  h«5^liU  7.15  fwl;  ilbchariee,  12  J@9  aeOQUfl-feet. 
Sc-ptfiulwr  19,  ga^i!  bdght,  2,20  i^aei:  tJbchjin^  1,081  ahi>jad-feet. 
KQVeinlieT  1»,  gag^'  bcfight,  2  feet;  dlspliai:^  9&Si  f«c&iid>feet. 


n»y. 


e_.. 

10... 

12... 

15... 
I6w. 


Aug. 


1.00     i.« 


2,00 

I  2.00 

J2.00 

S.10 

'  2.10 

2.30 

*J.»0 

2.(W 

2. 


4.00 
1.00 
4.VU 
i.lO 
4,  SO 

5.W 
6.30 


S,DQ  {  6.00 

3,40  f  :.:» 
3,00  ,  7.m 
3,70,  7,ao 


6.490 

0.40 
G.OO 
6,00 
5.fiO 
a,  SO 

^» 

0.U) 

,7,80 

I  7,50 
7,40 


ft,*) 

5.60 
A.  60 

4.eo 

4.20 
4.20 
4.10 
4JW 

a.  90 

8,90 
4.00 

4.00 
3.  SO 


4.m 
3,10 

i).flO 
4-tlO 
».«0 
6,40 

6.30 

a.  JO 
n.oo 

2.70 
2.70 
2,70 
2.70 


;^j>t. 


I  I  I 

DaF^   I  Apt,    Maj.  I  June.  JaXy. ,  AOff. 


l.W 
].iiO 

l.«0 
1.W  I 

],V0 
MIO  ! 
2.00  I 
1.90  |i 
l.OQ  ' 
l,SO  . 
L60  'I 
tM 
1.40 
1.00 
1.80 
1.80, 


17... .J 

tS 

10,.... 

30 

ai.,.,. 

22,..., 

38 

31 

25 


9,90 

4.ao 

1,30 
4,60 
4.20 

8,90 
4,3M 
4.70 
11.00 
5.i0 

5.60 
5.40 
fi.00 


l.»l 


Stetkia  diaoeatltiiifid  Scpteimbcr  30. 

[Continued  io  Water-Supply  and  Irrigation  Paper  JJo.  38^] 


ith  All nnia  ihiTM rti  nt  tbit  tJtilM  BImMm*  Qmiki0<mi  Sumif ,  li^l-V^* Pur*  O, 

[li^r  «.  i«t«ii  iMfi  >liow««  1^  t«lAltf«  <ntMl  moA  bwtJmt  urtV  7«eAal  inbU^  ImiOji;  aIvi  b 

f>Mtiaifi#  ft  ^mmfifikm  itf  U*  fwiliigte  onrMiiyr^  of  fi«rtl«B»  uC  t^  ai||fe.»«  &«>«*  and 

.r  r»,..r^^,^  £^  iiu  lUrbl  T'    "  ^^  V  4ityi»iaiy  for  fhm  ca^amlMr  ywi^  t^^  mod 
Iff.*  i,  KnivftU,  l»^^  ifrt  PI*.    BtiUAfLD  Hn,  111  of  Uif»  United 


to  * 


^n;  '^TbA iMMfT  rwnitfuw ^ llUniMp^''  hrPtvAk  iMTisff^u ^ttA  **rT^  ] 

/i  rpt^ ,  1  i»  pmtMi.    IlctiSifdji  Hn.  i;ii  or  ttio  aoitttd  ^t»tai  Unnlag- 
1 ,  'iOderotA* 

art  of  prci^T*^  ttf  llt«  dlvljdon  rj  hvilrairrspllj  for  *Mm  Cmlmkfkir  xmr  \mi%,  bf 


.cripUim  •3f  Ubfi  u>«ti^Qi««f»aDa  Di«liASii  («iapl^y«j  h 

t>f  bi'ilrfi^rnf^lUO  th^ftirlfilfrffit  til  #«rte9»  fum  t^  t^ 


IW7. 


r,  H}ilrotfT»f>l»3r<  *W;  OtTlaro,  T50  pp. 

_   p«i  rof  1^  rmt  i*\^  i»y  j^nl^iir  , 


vOrn  fkjr  JiTlCBtlavk"  trr  J.  D 


bylf .  H.  Dt^ai,  ftod ' 


imMi* 


~"   IV,  Hfdpugraptijr.  idHQ:  octa? o,  S14  pp. 

r^iffomoitif  KvMiite  w«it  of  tiki  OS  41  bvodtwit 


I       0^6US»  ft  '*&«rfnff t  .  Lf  : 

Wate- 


atielb  Aotiital  B«poit  of  tbe  UnibM  Stat<»  Uaologkitti  Bixn^.  l^^tiS-lltf.  PttTl 
[  lY ,  Hf^nigfrnphf ,  IIMX^;  odl«T«:i,  iW  pp. 

nf  «tT«4UQ  sii««iKrfrTii*'iiU  ftir  Ibtfmlmiilftr  r««r  iWi.**  tl(r 
lift  Mrtiiii^^  I r^  ffniMiii  ptgrs  lir  iMi  9utt§^ 

f  ImllutijM  CAO  Ijm  oMsiiiid  Qulf  hf  ptmpmyumut  ttf  vnmt,  ii»  ootod  Abo^nii 
1 0liiiipNf  daeckit  mod  dnitii  t^mi  ii«it  bn  «oc«i|itiifi    MmiPf  nboald  bn  traii»* 
OiUttd  b^  immU  moti^  iffAer  or  KS|Stsia  oHur »  nssiit  pmfBblii  fo  tlt«  IXiwrtiic  tif 
tliA  Ualtad  Steife*  Cktiogfoaf  Snnrof 4   Cbcraoicifiikmni  rnUHiai^  In  tlio  publici^  i 
ai  t^  BoTTvy  ilMTiiH  h^  iddrflliQti  fao  T&i  I}£t«etOf ,  tThUad  S4a&««  Qoo--^ 

Hal? 


ir  Lfc*ii,  hy  N-  IL  DsrvrTQ.  IJ 
rrip^Utm,  by  O.  P.  Houdf  1 


Qms^Vy.  ie»?. 


1.  8«w«icv<  irru. 

Q*  ItadtrfTouri'^ ^    '   -  -'  iiifciTT^iTi, 

».  In1g»t 
111.  Irrlgiir 
lU  Rlrtrfc 
lit  XJaAfn: 
IB*  brifmti 
14.  !f<s*rfc 

IT,  imipttlcTtt  tv 

m  tf7fi»ti 

tff*  lii%iti 

20.  Wntb  md  vnndmflU  to  N«brii#te,  lir  Erwtti  Hlos^ldfy  Btirbovir*  IBOI. 

dO.  W«l«»r  riMk^uro«ii  ot  tlui  L^ w«r  Feolcuala  of  IClchigftn ,  tfj  Alfred  C,  Im^B^  ] 

SI.  L'Jwe?  Hlchigai}  tiito«er*l  wftMs,  bf  Altnd  O*  Lane,  IfM. 

«$,  Water  reeoiarcei*  of  Poftrto  Bico,  by  12.  II  Wil«0ll,  I Wl* 

^,  Btomgift  of  wati^r  on  Qila  Eln»r,  Atizocis,  !^  X  B.  Uppiooact,  XUOa 
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PERATIONS  AT  RIVER  STATIONS,  1899. 

I>ART  IV. 


MEASUREMENTS  AT  RIVER  STATIONS.' 

DOLORES  RIVER  AT  DOLORES,  COTX)RADO. 

is  river  is  the  last  important  tributary  of  Grand  River.  It  has 
•urce  in  the  La  Plata  and  San  Miguel  mountains,  in  which  the 
»t  peak,  Mount  Wilson,  attains  an  elevation  of  14,280  feet.  Its 
e  is  in  a  general  northwesterly  direction.  Crossing  into  Utah  it 
ly  joins  Gmnd  River.  In  the  vicinity  of  Dolores  considerable 
ition  is  practiced,  both  from  small  ditche.s  and  from  one  or  two 
systems.  The  main  canal  of  the  Montezuma  Valley  irrigation 
m  diverts  water  from  the  left  bank  of  the  river  a  short  distance 
T  the  gaging  station,  and  after  crossing  the  divide  between  the 
res  and  San  Juan  drainage  irrigates  land  in  the  vicinity  of  Cortez. 
f er  lateral  of  this  system  serves  land  to  the  northwest  of  Dolores, 
paging  station  is  located  one-half  mile  above  the  railroad  station 
Jores,  Colorado.  The  gage  rod  consists  of  a  vertical  plank  bolted 
e  abutment  of  a  footbridge  on  the  left  side  of  the  river.  The 
I  mark  consists  of  a  nail  driven  into  the  Imse  of  a  cottonwood 
18  feet  southwesterly  from  the  gage,  and  is  16.60  feet  above  gage 
n.  The  right  bank  is  low  and  the  left  bank  high;  the  water  moves 
a  good  velocity;  the  bed  of  the  stream  is  composed  of  small 
8  and  gravel.  Dolores  River  at  Rico,  Colomdo,  was  measured 
times  during  the  year:  April  10  the  discharge  was  IGS  second- 
September  22,  23  second-feet,  and  November  22,  16  second-feet. 
Its  of  measurements  at  this  station  may  be  found  as  follows: 
Eighteenth  Annual  Report,  Part  IV,  page  203;  1897,  Nineteenth 
al  Report,  Part  IV,  page  408;  1898,  Twentieth  Annual  Report, 
IV,  page  393.  The  following  discharge  measurements  were 
by  A.  L.  Fellows  during  1899: 

April  20,  gage  height,  3.60  feet;  discharge,  613  second-feet. 
May  17,  gage  height,  4.15  fet»t;  disc-harjre,  963  stH'ond-ftMit. 
Jane  22,  gaire  height,  3.30  feet;  discharge,  :^7  setHjnd-feet. 
November  22,  gage  height,  2.70  feet;  disM^harge,  56  second-feet 

1  Oantlnaed  from  Water-Snpply  and  Irrigation  I*aper  No.  87. 
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SAW   MIGUEL   RITEK  AT   FAIXCBEEK,  COLORADO- 

This  river  has  its  source  id  the  high  mountain  peaks  in  the  sjoutk* 
western  comer  of  Sslu  Miguol  County,  and  drains  an  area  imraediBtek 

to  the  wt*stwjinl  of  tlii-  \\viv\   wiitors  of  Unoonipuhgre    Rivnr.    Tbe 
g*ui«rrul  (Urt^otioii  of   thr  riv<T  is  ncjrtliPiustorly,  and  it  i^ritiTs  Dolori'^ 
Rivor   in    the    western   part   of    Moiitros^e    Coiiuty,    Colorado.     Th^ 
HtatioiK  *'stablished  in  rluJie,  lSl*;j,  is  IcJriit+^fl  tihnut  *irni  yard?^  ?imith- 
wc>;t  tjf    FalltMvek,  a  railnmd  station   oa   tla*  Rio  (irande  Soiithf^ru 
Railroad,    The  giigv  is  vertiral  and  spiki'd  to  the  west  side  of  the  north 
abutment  of  the  wa):^oii  fa-id*^e.     Ueneli  mark  No.  1  1*4  a  iioltlmul  iti 
the  north  end  of  the  west  trusts,  1  foot  frojii  the  j^mjje,  and  is  11.15  feoi 
above  guge  datuTo.     Beach  mark  No.  2  is  a  spike  driven  into  a  tm 
iiOO  feet  northwest  of  tlji^  rod,  and  is  SA\^  feet  above  pipre  datiini^ 
Fall  Creek  enters  tla*  Sun  Mitriiel  about  2W  feet  below  the  gage.    On 
May  16,  1891\  it  wa.s  f<jund  to  be  carrying  ti^  seeoad-feet,  and  on  ttune 
21.  45  se(^oml-feet.     The  results  of  niea.su rements  on  the  maia  rivet 
may  be  found  as  follows-:  1896,  t^ighteeuth  Annual   Report,  Part  IV. 
page  265;  1897,  Nineteenth  Annual  Report,  Part  IV,  page  4:<u\  IS^S, 
Twentieth  Annual  Report,  Part  IV,  page  395.     The  following  meiii- 
urements  of  discharge  were  made  b}^  A.  L.  Fellows  during  1899: 

April  18,  gage  height,  2.85  feet;  discharge,  164  secniinl-feet. 
May  16,  gage  height,  3.70  feet;  discharge,  562  secoini-foet. 
June  21,  gage  height,  3.60  feet;  ^lischarge,  449  second-feet. 
November  21,  gage  height,  2.35  feet;  discharge,  52  »econd-feet^ 
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Daily  gage  height^  in  fed,  of  San  Miguel  River  at  FbUcreek,  Colorado  for  1899. 
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Station  diseoutiniiefl  September  30. 
SAN   JUAN    RIVER  AT  ARBOLES,  COLORADO. 

lis  river  has  ibi  source  on  the  western  slope  of  the  Continental 
ide  in  southern  Colorado,  its  headwatei*  tributaries  adjoining  those 
the  Rio  Grande.  Its  general  direction  is  southwesterly,  but  after 
Bceives  the  waters  of  Piedra  River  and  crosses  the  State  line  into 
V  Mexico,  it  takes  a  more  westerly  direction  for  some  distance, 
Q  tarns  northwest,  passing  very  close  to  the  four  comers  of  Utah, 
orado,  New  Mexico,  and  Arizona.  After  flowing  for  a  considerable 
ance  through  a  canyon  country  in  Utah,  it  enters  Colorado  River  a 
rt  distance  above  Marble  Canyon.  The  gaging  station,  established 
le  19,  1895,  is  located  at  the  town  of  Arboles,  at  a  footbridge 
at  1,000  feet  below  the  Rio  Grande  Southern  railroad  station  and 
ve  the  mouth  of  Piedra  River.  The  rod  is  an  inclined  timber 
rked  to  vertical  tenths  of  a  foot,  the  space  between  marks  being 
M  foot,  and  is  bolted  to  the  rocky  bank  on  the  right-hand  side  of 
stream.  The  left  bank  is  low  and  liable  to  overflow  at  liigh  stages. 
J  bed  is  sandy  and  shifting.  The  results  of  iiu^asureiiumts  may  be 
nd  as  follows:  1896,  Eighteenth  Annual  Report,  Part  IV,  page  281; 
7,  Nineteenth  Annual  Rt^port,  Part  IV,  page  410;  181)8,  Twentieth 
3ual  Report,  Part  IV,  page  401.  The  following  measurements  of 
;harge  were  made  by  A.  L.  Fellows  during  1899: 

April  23,  gage  height,  7  feet;  di«?.harge,  1,286  second-feet 
May  22,  gage  height,  6.60  feet;  disi^harge,  737  second-feet 
June  26,  gage  height,  6.15  feet;  discharge,  277  set'ond-feet 
November  26,  gage  height,  5.75  feet;  discharge,  127  second-feet 


p 


OPERA TIOKS    AT    RI1HHK4110KS,  1899. FART  IV.      fw>» 


ft.. 

IS— J 


Apt- 


r""*' 
1"-^" 


«.«& 

*«^ 

«.» 

i£  ts 

&00 

&ao   e.(w 

tkm 

7.30 

e^aa  1  OsM 

€.06 

e.a& 

A.^  !  €.  7iL* 

^v:*\    &.*sj 

S.B 

#,lfi 

0.4CI 

..  ::-i 

O.dO  i  &.i^ 

ikOi    fkm 

ttHO     fl.6ft 

&.m  #^3) 

7.  ICI  ,  «.4»il 

iktt     &.Qft 

T.iteUAft 

\«n   4«fi 

T.30 

^.'io 

ft.  85 

».«0 

12& 

«,«o 

A.» 

&.W 

,T.» 

i.4& 

fl.CU 

s.» 

Stpt. 


fi.70 

7.10 


©IF- 


Apr.liE^.U 


^    !|IIl«i^Jlllf.lAB», 


.»!  fiuSfi  I 

..J  roo  I 

ao '..„_j  «,«6  I 

Zt 6.00 

22, «:.  Vi 


31,.,,., 


ft.7fi ; 


^w  ' 

6.30  I 

«.») 

fi.-20 

€.10 


ft.aa, 

7.<CI  I 
7.3&  ' 
7.10 

a.  70 
a.  20 

iLl& 

^.^ 

6.70 


S.7I) 

5.7P 
5^10 


i^^l 


13)  , 
tVf 

Km 
km 


ftMliuii  tli*  intiliuj«  -1  Si  pU mbt'r  *1, 


PTKDIU    nJVTM  AT   ARlK>t.EiV  rOTjORADO, 

Thu*  tributary  of  8110  Jmm  Riv<.*r  ha^  iti4  m^urce  in  Hin^W  saI] 
Mim^ml  I'OUfitieH  in  jsouthcrii  Cr>lorado,  and  flown  in  a  general 
erly  dirertion,  ent4*rtng  San  Juan  River  ju?*t  befon^  the  Iiitter  e 
into  Nf^w  Mexit'o*  The  ii^tation^  rstahliriheil  Junes  19,  189*"),  is  W^ti 
the  milnHui  liridf^^  orcw^'sing  Pietim  River  about  one -half  mile 
af  tb«*  milroHd  j*t*ition  at  Arljole*?,  The  gage  is  Wlted  to  the 
nlrtjtinotit  uf  tiu^  mlroad  bridge  on  the  right-hand  side  of  the  &t\ 
and  eonteinthi  of  a  vertic-al  4  by  4  inch  timber.  The  Iwncb  nmrk  w 
crot48  eut  in  the  top  of  abutment  in  the  ^nuthejiet  i-orner  of  hn 
4U3-A,  tiixd  U  14. 8H  fpot  Jihovo  irtiJT*'  datuiu,  Th*'  banks  uK-  lH}tii 
high,  the  current  ijs  nwift,  and  the  bed  is  roni posed  of  small  >\ows 
Tlie  rrijss  MM-tion  dtje.-^  iKJtchangt^  niutcrially.  The  results  of  iiieH.'^ur^ 
nii'iits  niay  Uv  t^Huid  as  fciliows:  ISIML  Ei^ditc^'ntb  vVnntjul  Hi'pert 
Part  1\",  pai^^t^  L!s:i;  1M»7,  Nint'tuejith  Annual  Report,  Part  l\\  1^1^ 
41:i:  l^t»^.  Twentieth  Annual  Report,  Part  IV,  page  4u:>,  The  fnllow^ 
ing  jueasurcnunits  were  nude  by  A.  L,  Fellow.s  during  ls*j*J: 

A  p  ri  1  "111  >  ^tiije  1 1  e  i  iiit  ^  ^  t  *^'  !^ '  f<^"<  ■  t ;  ^ !  i-^"  1 1  arge,  4tW  i^i^rt  i  t  1 1 1  *  f i  ■*'  r , 
May  2"J,  jfa^'^**  liinuhl,  ii.^O  fert;  ili?H'linr;^i\  2TM  W-'Cfind-ftvL 
June  ^f j>  Jjiifi*'  liiighlj  "^M^  ti'v\;  ilis(.hiirKt\  111  r'i'i'(»Tiit-t\vt, 
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Ihily  gaffe  height^  in  fed,  of  Piedra  Rirer  at  Arbole*,  Coiorado,  for  1S99, 
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Station  diMvintiiiiUHl  SeptoinlxT  ^). 
LOS  riNOS   RIVER  AT   IGNACIO,  COIX^RADO. 

I  Stream  heads  in  the  high  mountains  of  Sim  Juan  County  in 
restern  Colorado,  and  flows  in  a  nearly  southerly  direction, 
ig  the  State  line  into  New  Mexico  and  emptying  into  San  Juan 
The  station  was  established  by  A.  L.  Fellows  on  April  22, 
ind  i8  located  at  the  wagon  bridge  at  Ignacio,  the  subagen(*y  of 
athem  Ute  Indian  Reservation,  2  miles  north  of  the  Denver  and 
node  railroad  station.  The  rod  is  a  vertical  2  by  4  inch  timber, 
t  long,  spiked  to  the  bridge,  the  marks  being  strips  of  brass 
ly  nailed  to  the  post.  There  is  one  bench  mark,  the  8-foot 
m  the  gage  rod,  which  is  level  with  the  top  of  the  lower  end  of 
8  inch  timber  protruding  downstream  from  the  pier  on  the 
tand  side.  The  banks  are  low,  but  not  subject  to  overflow;  the 
the  stream  is  of  gravel,  but  not  liable  to  radical  change.  The 
er  is  the  clerk  at  the  agency.  The  following  measurements 
lade  by  A.  L.  Fellows  during  1899: 

April  22,  gage  height,  3.20  feet;  dipchai^,  437  eecond-fect. 
May  20,  gage  height,  3.40  feet;  dincharge,  577  second-feet. 
June  25, gage  height,  2.80  feet;  diw^harge,  244  Hecond-fwt. 
November  25,  gage  height,  2. GO  feet;  discharge,  124  8eoond-feet. 


810         OFEKATIO!ri   AT   RiVEft  STATIONS,  1899. PABf   W,      i 


M^piffk^ 

Km/M^mfLmFimmRi^ 

««*• 

mm,€M!mio,firmtt, 

*^ 

A»f. 

«... 

ild,. 

At«. 

tieL 

I- -J 

*.*.«. ^. 

%m 
%m 

%m 
en 

» 

!.» 

%m 

!.« 

Htf 
HA 

1.90 

Its 

^m 

!.« 
S.3» 

IS 
18 

!.» 

li 

%m 
%m 

%m 
c» 
c« 
a.«s 

Hit 

xm 

IS 

li 

n 

%m 
%.» 

xm 
xm 
%m 
xm 
xm 

rm 

IS 

±m 

%m  1 
xm 
±m 
xm 

^•\ 

itm 

xm 
z.» 
%m 
±m 

3l» 

%m 

%m 
^m 
t.m 

IS 

XS 

2:» 

2.* 

IS 

2.W 
2-70 

2.70 

2.eo 

2.60 

%m 

m, ^, 

IIII-.I* 

%m    11 

4^.,, — .►.     **, 

t.31 

!.» 

2.  II 

tai 

i« 

Iffl 

2.eo 

t.l« 

lid 

7i 

£:;:!:::...::! 

\\ 

tf.       .  ^  ^.— **i 

?:::::::::::::::::; 

" 

a..- ««- 

it::r.:::::n-::-: 

M 

JC* ,-«.*-^. 

fl 

Dp  •«•*«•>»**  <«^**  «*4'.  * 

£1 

IJ,      , 

JJ 

1*... ..,....,,..  ,. ,  - 

%l 

S::::::::::::::::::: 

tl 

m,.,. ,-...„. 

— i 

11 

tl 

M^ 

;:;::::; 

11 

tt. 

M 

use 

Ji,,^„^ ,,^ 

S:::::::;::;":::::; 

JL.^.-,- „-,„ 

^?>«i«^  m^mf-P^-^-wr-'' 

•-,„-<,  — .*^.... ,- 

M»,..,,..>.p. ,... 

E "i;""""   . 

' i 

AKtMAS  RHTEfi   AT  DtTRAKGO,   OOtOEAIXK 

Thk  rirer  ia  an  important  tributary  of  the  San  Jtmn,  and  bi 
isiouree  in  tbe  high  peaks  of  2K>utbwestern  Colorado.  It  tm^  a  m 
f4outherly  i^orse,  crossing  the  State  line  into  New  Mexico,  wbe 

shortly  enters  San  Juan  River.    The  station  originally  established. 
20, 1895,  wa.s  located  at  the  wagon  bridge  one-quarter  of  a  mile  w( 
the  railroad  station  at  Durango,  and  alx)ut  200  feet  above  the  Rio  Gi 
Southern  railroad  bridge.     During  the  early  part  of  the  year  th 
wagon  bridge  wa»s  removed  and  a  new  one  erected  a  short  disi 
below.    April  1,  1899,  a  gage  rod  was  placed  on  the  central  piero 
new  bridge.     The  bench  marks  are  three  horizontal  strips,  opposit 
10-,  11:-,  and  1(). 7-foot  marks  of  the  rod,  respectively.     Owing  t( 
change  in  location  and  height  of  the  rod  there  is  no  apparent  rel 
between  the  rating  tables  for  past  years  and  the  rating  table  for 
Lightner  Creek  enters  Animas  River  from  the  right  about  VK 
l)elow  the  wagon  bridge.     The  channel  is  straight   both  above 
l)elow  the  station,  and  the  bed  is  of  gravel  and  fairl}^  permanent, 
results  of  measurements  may  be  found  as  follows:  189^>,  Eighth 
Annual  Report,  Part  IV,  page  285;  1897,  Nineteenth  Annual  Re 
Part  IV,  jjage  414;    1898,  Twentieth  Annual  Report,  Part  IV, 
403.     Measurements  for  1899  were  made  by  A.  L.  Fellows,  lus  fol 
April  21,  j?age  heiglit,  7.50  feet;  discharge,  698  second-feet. 
May  H>,  gage  height,  9.45  feet;  discharge,  2,(x^o  secomi-feet. 
JuDe  24,  gage  height,  8.10  fei^t;  discharge,  1,250  second-feet, 
September  28,  gage  height,  6.52  feet;  discharge,  223  second -feet 
November  25,  gage  \\e\g\il,  ^.^  i«^V,  diacUar^e^  201  second-feet. 


OOLOBADO.  811 

Daify  gage  height^  infed^  of  Animas  Rwer  at  Durango,  Colorado,  for  1899. 
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FLOBIDA  BIYEB  NEAR  DURANGO,  COLORADO. 

lis  stream  is  a  tributary  of  Animas  River,  and  rises  in  the  north- 
[Murt  of  La  Plata  Counfy;  flowing  in  a  general  southerly  direction 
tens  Animas  River  a  short  distance  before  this  latter  stream  passes 
^ew  Mexico.  During  the  last  season  work  has  been  prosecuted  on 
1^  storage  project  near  the  head  of  the  river,  and  on  this  account  a 
ng  station  was  established  by  A.  L.  Fellows  May  19, 1899.  It  is 
]ed  at  a  wagon  bridge  at  Stewart's  ranch,  9  miles  east  of  Durango. 
gBg^  rod  consists  of  a  vertical  2  by  4:  inch  timber  fastened  to  the 
ustream  side  of  the  left-hand  abutment  of  the  bridge.  In  1899 
measurements  of  discharge  were  made  at  this  point  by  A.  L. 
ows.  The  first,  on  May  19,  at  a  gage  height  of  2.25  feet,  showed 
icharge  of  236  second-feet;  the  second,  on  June  24,  at  a  gage  height 
.70  feet,  showed  a  discharge  of  9  second-feet. 

"DaSty  gage  heightj  in  feet,  of  Florida  River  near  Ihirango,  Colorado,  for  1899, 
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MAXC06  ItfTKR  AT   MAKCOft^  fX>LOltADO, 

Thij4  river  is  nn  Smportant  tribiilary  of  the  San  Jimn, 
siouthwt^^itern  curii*^r  of  Colorado.  The  lower  purtiao  of 
throuifJi  th<^  Southern  Ute  Indimi  K*.*i!*r?rvtttiort,  It  ente 
River  mrar  tin*  luljottiinj?  corn^ir.'*  of  Utah,  Colomdo^  New 
Ari^inii.  *rhe  primary  objtHl  uf  a  station  on  thij*  riv<^r  t 
liata  relative  to  the  tinioufit  of  water  tiat  ran  be  gtori^  1 
supply  <^f  llui  S<ititheni  VUy  IiKUiiri  Ili>i*€*rvation,  The  r% 
invi-jsti^iUon,  iimtifr*  l\v  Mr*  (».  IL  Mtttthej*,  may  Ijg  found 
tieth  Annual  Rei)ort/Part  IV,  pit<(v*,H  M>8  U>  4^4,  The  ga 
t^!!i;t«bHshrd  by  A.  L.  Fellown  April  1*,  IHH8,  is  located  K 
the  wapou  bridge  mmm  the  rivt*r  in  the  center  of  the  tow 
The  tn4?f*  coiijikta  of  a  vertical  timber  spiked  t<i  a  cotton^ 
the  left  bunk  of  the  rivfr.  Mimsurements  are  nsuaUy  uuid 
but  thi'  wagon  i>ridge  van  be  U8ed  at  hi^h  sta^s  of 
bankj^ nm  not  j^tubjiH  t  U* oierfiow.  The  channel  is  in  gran 
liable  tt)  mdicat  rhan^€%  The  iv^iult*^  of  nica»^urciiients  in 
found  in  the  Twt*nticth  Annual  Ifcport,  Part  IV,  pa^ 
following  trumwurcDienti^  of  discharge  were  made  by  A 
during  Um: 

April  11),  gs^^  beiglit,  IM  fmt;  diadmt^,  TO  eecond-fee 
yUy  !8|  gw?  height^  1*60  fwt;  dkdiAj^  66  Becond-feel 
June  Si,  gag**  heii^ht,  1*10  feet;  dischaige,  9  seeand-feat 
6eptoml*t>r  22,  gage  heigVit,  D;90  tocvi;  rtL^harg^*  2  secon 
NoveniUir  L'4,  yni^v  height,  1  foot;  dL«cbam\  1^  ^t'oivi-fi 
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GILA  RITER  AT  SAN   CARLOS,  ARIZONA. 

river  rises  in  southwestern  New  Mexico  and  has  a  general 

esteriy  direction  until  it  crosses  the  territorial  line  into  Ari- 
;  about  32^  40'  north  latitude.  Its  principal  sources  of  supply^ 
m  the  Black  Range  on  the  east,  and  from  a  number  of  i-anges 

west,  including  Little  Range,  Mogollon  Range,  and  Diablo 

The  average  elevation  of  these  mountain  peaks  i.s  from  1>,(XK) 

00  feet.     The  general  character  of  the  country   is  a  high  and 

plateau,  with  the  river  flowing  through  it  in  a  deep  canyon,  and 
tactically  no  agricultural  lands  within  its  area.  The  river  emerges 
M  upper  canyon  about  10  miles  before  it  reaches  the  Arizona 
id  thence  flows  through  a  valley  of  coiisideml)le  width,  known 
lean  Valley,  until  just  before  it  receiv(\s  the  waters  of  San 
m.*o   River.     Duncan   Valley,   in    which   a   numl)er  of    ditches 

water  for  irrigation  purposes,  will  he  described  at  length  in 
^enty-first  Aiuuial  Report.  San  Francisco  River,  the  principal 
.ry  of  the  uppc^r  Gila,  has  it  source  in  the  northeast  conier  of 
n  County,  Arizona,  but  15  miles  below  it  passes  into  New 
>.  Its  general  course  is  thence  southerly,  returning  into  Ari- 
i  about  33^  north  latitude.  The  area  drained  is  high  and  moun- 
3,  the  principal  ranges  being  the  San  Francisco,  the  Tularosa, 
e  western  slope  of  the  Mogollon,  with  elevations  ranging  from 

0  10,000  feet.  The  course  of  the  river  through  this  portion  is 
terized  by  a  succession  of  can^'ons  alternating  with  valley-like 
gs,  with  the  considerable  fall  of  from  35  to  40  feet  per  mile. 
River  is  in  canyon  for  about  20  miles  l>elow  the  mouth  of  the  San 
SCO,  or  to  within  10  miles  of  Solomonsville.  At  this  jwint  the 
parate,  forming  a  large  valley  which  has  l)een  extensively  settled 
now  one  of  the  finest  irrigated  portions  of  th(»  Territory.     The 

of  a  series  of  seepage  measurements  made  from  10  miles  above 
jnsville  down  to  Fort  Thomas,  with  a  description  of  the  irriga- 
iterprises  in   this  section,  will  Ik»  published  in  thi^  Twenty -first 

1  Report.  This  valley  extends  from  ii  point  lo  miles  jibove 
Dnsvillc  to  ♦>  miles  Ih'Iow  the*  mouth  of  San  Carlos  River  on  the 
Mountain  Indian  Reservation.     At  this  latt<»r  place  the  nioun- 

;uddenly  close  in  again,  and  the  river  enters  another  canyon, 
miles  l)elow  the  Indian  agency  at  San  Carlos  th(»  canyon  boxes 
idth  of  KX)  feet,  and  at  this  point  is  located  the  San  Carlos  dam 
rhich  wa«  studied  in  detiiil  l)y  the  United  States  (leological 
jT  during  1899,  in  connection  with  the  investigation  of  the  water 
'  of  Gila  River.  The  results  of  this  investigation  are  published 
.ter-Supply  and  Irrigation  Paper  No.  83,  entitled  Storage  of 
on  Gila  River,  Arizona,  by  J.  B.  Lippincott.  In  connection 
bis  investigation  Cyrus  C.  Babb,  on  July  11,  1899,  established  a 
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^mi^lon  oil  (ilk  Uh'er  otie-balf  mtle  sioutli  of  the  Indian  agency  st  Sosl 
fSirloB  ami  Mow  the  mouth  of  8hii  Carlos  Creek,     An  inclined  rod] 
84>i^im^ly  fii8tanod  to  pofitn  drivt*n  into  the  bank  wife*  erected  here, 

Ibt^nch  murk  1*5 11  20-pimfiy  nuil  in  tJic  Imwo  of  a  mc^qufe  trw  5  in 
in  diameti^r,  85  fpet  went  of  the  gage  rod,  at  an  ek vat  ion  of  11*571 
alxjx c  gtig**  dutunu     Di^harjj**  im*ii>*uri*riiont«  are  mtule  frotn  a< 
and  t-ar  a  short  di^Uince  a^K)ve  the  jtrti|fo  rod*     Thi}  rhannid  k  st 
for  j^»tni'  diHtamv  above  and  Iwlow  the  ntation^  and  the  water  is  < 
paratively  Hwift,     The  right  Uuik  is  high,  hut  the  left  is  low  and  liaH 
tn  overflow.     The  Ik^I  of  tht^  strf^ani  In  sandy  and  shiftnig.    The  (al-| 
lowing  uiea^urement*?!  of  drmjhargo  were  made  by  Cyru^  C,  EabbiffltJ 
Jon  tut  during  189U: 

Ihnchnrgt  meQinAr€mm4&  0/  GHa,  Bitrr  at  San  Cbrf*^*#,  A  ni 
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b^bitloii  diHr<nil1nisi'*l  iK'to(K.T  H. 


The  following  iiieiLSUTement'^5  were  made  by  Oyrug  C.  lM>h  iiuriaj 
a  reronnaissHTioe  trip  tl^rouiirli  Hie  upper  ha^iin  of  Ciilu  Kiver  m^^ 
*?pring  of  181H^  The  meHsuremerit^  from  Marfh  11  tu  17,  inchHn\ 
are  of  San  Pedro  River  iind  of  the  ditches  diverting  writtM"  from  it. 
The  rnea.'^iin'iueiits  on  Marrh  29,  30,  and  l^l  wore  msidt^  on  the  diub*.** 
diverting  water  froui  (iila  Kiver  ulwve  Dunmn,  Arizona,  Tlie  incii>ur^ 
mentj?  from  April  15  to  17,  inclusive^  were  nindo  priuei pally  on  diU'bes 
diverting  water  fnirn  Gila  River  in  the  SolcjiiKinsvilli^  Vnlley,  and  ^^'^ 
made  to  determine  the  auiount  of  seepage  water  returning  tn  \k 
stream,  A  discussion  of  these  lattci'  jneiLsurements  will  he  madu  il 
the  Twenty-first  Annual  Kepoit,  Part  IV. 
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Mtteelianeoui  dM^aarge  measurementB  in  Gila  Bxoer  Basin,  Arizoni, 
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April  15 . 
April  Ih . 
April  15 . 
April  35. 
April  15, 
April  15, 
April  15- 
April  15. 
April  15  - 
April  15 . 
April  15, 
April  15  . 
April  15 , 
April  15. 
Aprillfr. 
April  16  . 
April  m. 
April  1H. 
April  J6, 
April  m. 
April  1»K 
April  Kl , 
April  16 . 
April  HK 
April  16 . 
April  17 , 
April  17. 
April  17, 
April  17, 
April  17  . 
A|iril  17  , 
April  17  . 
A  [►HI  17. 
April  17  . 
A  pri  117. 
April  17, 
April  17. 
April  17  . 
April  17  . 
April  17  . 
April  17  . 
April  17  . 
April:i5. 
April  28  . 
Mav  In,, 
May  24 . , 


LOGality. 


--I 


f^nrhnt  ditch  ...,.- 

IiLIa  River _«.. 

M^jia  ditth ,,„ 

Old  Sail  J<m^  diu  h  . . . 
San  Jose  tWtch  _-,.,.. 
Ciik  River. ....,^*,,. 

Wairt« _-..-.. 

MirbelBiia  ditch  , . . . . 

MontcuencnA  ditch 

Gun  Rale*?  ditth -  _ 

Gila  Hiver, , 

Wme. 

Waerte 

Union  ditch  „ .,, 

Oilft  River .. 

Lee  diU^h *,...,, 

Sunflower  ditch . ,  - , .  ^ 
Gmham  ditch  >...,-,. 

Ci^ntml  ditch  , ,  „ 

Gita  River .--._._ 

Orygoii  ditch  ,_,,,-.< 
Smith vi He  ditch  ..... 

Gila  River... 

Brice  ditch , , , , 

Dodce  ditch 

MuthewHville  ditcii,,. 

Gila  River „,.... 

Curtis  ditch,*- 

Gila  River.. 

Kemnlorv  difch  ...... 

Verge!  dih'h ,, . 

(ilia  River *_.,._..-.... 

RoiddiU'h .....] 

Gila  Rivt'r  ..-....,.,,. j 
ViiTl  Tliiniiaifl  ditch  , , . . , 
F[>fK*r  Tlii  k[n  ps?on  d  iti'h  _ 
b*wc:»rTlj(>mps<in  ditch , 

Militurv  ditch ' 

t>iil i nc  Ail rli J 

Mi^xican  ditch  ....,_.., 

(lila  River 

(TiJa  River,....,,, I 

Indian  ditch  ,. J 

i  1  ila  Ki  ver ,1 

(Hla  River ..-. , 

Gila  Ki vcr  ^^. 


Near  hefld 

NflTTOWS  below  Hoitchex  ditch 
Below  wa^"te  -.,.^...,,^**,, 

Near  head , 

Near  head  . , . , .  - , , » 

Below  San  Joee  ditch..,,... 

North  pide. 

Below  wasie-  ^ie. , 

Bdow  wa^e  gate 

Below  waste  ^te,  * .-, 

Bdow  Gen  Kales  ditch 

Monteiumft  ditch 

Above  Union  ditch 

At  head ,,,.. 

Below  Union  ditdh 

Athend 

At  head , ,.. 

At  he»d  ...-, * .-, 

At  head _,, 

Below  Oentml  ditch 

At  head  . 

At  head  , 

Below  Smithville  ditch  . . 

At  head -,„... 

At  bead 

At  bead ,. 

Below  Mathewsville  ditch  . . 

At  head  ,.. __._. 

Below  Cortifl  ditcli , . . 

At  h*^d 

At  b^^d  .. 

Below  Vojiel  d  itch  ..,..*... 

At  heml  ., 

Below  Reid  ditch  _.,..,..., 

At  head 

At  heail i 

At  ht^d ,.._ ,1 

Flnnie  lit  Fort  Thomas  .....' 

At  head  ..,,,.... 

At  heail  ... ,,..,,»,, ».,.^ 

n]>i>o?i?itc  Fort  Thorn tt!= | 

H  njilei*  l>eh»w  Fitrt  TImma;*,; 

f^:iri  rarli>y .,.,; 

^^aTl  Carlos  Cany un ', 

Duiiiiii I  .*. .,^.,_, 

San  Carlos  Canvoii ,  _ , . 


ml 
Its 
If 
u 

m 
II 
lit 
ar 

1.^ 

3.Ji 

h.% 

OT 

lit  I 

10.  & 
7J 


GILA    RIVER   AT   THE    BUTTE8,    ARIZONA. 

Gila  River  is  in  canyon  from  a  nhort  distance  below  the  mouth  oi 
San  Carlos  River  to  a])oiit  the  mouth  of  San  Pedro  River,  a  distand 
of  31  miles.  The  country  then  broadens  into  a  valley  of  eonsicleniH< 
size,  ext<>ndin^  for  a  distance  of  about  20  miles,  to  below  the  nioutl 
of  Mineral  Creek.  This  openinj^,  known  as  Rivei'side  Valley,  ws 
examined  in  detail  in  conneetion  with   the  investigation  of  the  wat^ 
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jply  of  Gila  River,  and  the  lower  portion  was  mapped  by  G.  H. 
ktthes  as  a  reservoir  site.  From  the  mouth  of  Mineral  Creek  the 
er  is  in  canyon  again  until  what  is  known  as  the  Buttes  are  reached — 
iistance  of  about  15  miles,  when  the  river  appears  on  the  Great 
lins  region  of  southwestern  Arizona.  Its  general  course  is  thence 
Bterly  until  it  enters  the  Colorado  River  at  Yuma.  The  present 
tion  at  the  Buttes  was  established  February  20, 1896,  in  connection 
th  the  first  investigation  for  a  water  supply  for  the  Gila  River 
lian  Reservation.  It  is  located  about  16  miles  above  Florence, 
izona.  The  gage  rod  is  bolted  to  a  solid  rock  on  the  right  bank 
lere  the  river  emerges  from  the  lower  end  of  the  gorge.  The 
Dch  mark  is  a  roc*k  point  chiseled  on  a  ledge  69.4  feet  southeast 
the  south  cable  support  and  4.4  feet  above  the  ground,  and  is  at 
elevation  of  1,608.45  feet  above  sea  level.  The  elevation  of  the 
ro  of  the  rod  is  1,583.00  feet.  Measurements  at  this  point  were 
ide  in  connection  with  the  investigation  of  the  water  supply  of  the 
la  River  by  the  United  States  Geologic^al  Survey,  authorized  by 
Kial  act  of  Congress.  The  results  of  the  work  arc  published  in 
■ter-Supply  and  Irrigation  Paper  No.  33,  entitled  Storage  of  Water 
Gila  River,  Arizona,  by  J.  B.  Lippincott.  The  channel  of  the 
"er  at  the  Buttes  is  composed  of  quicksand  and  likely  to  change 
3y  with  any  considerable  amount  of  water  in  the  river.  In  order  to 
tab  an  accurate  estimate  of  the  daily  discharge,  it  is  necessary  to  make 
atinuous  measurements,  which  was  done  during  the  investigation. 
le  results  of  the  measurements  at  this  point  will  be  found  as  follows: 
96,  Eighteenth  Annual  Report,  Part  IV,  page  290;  1897,  Nineteenth 
innal  Report,  Part  IV,  page  416;  1898,  Twentieth  Annual  Report, 
rt  rV,  page  405;  1899,  Water-Supply  and  Irrigation  Paper  No.  88, 
^  26.  The  following  measurements  of  discharge  were  made  during 
19  by  various  members  of  the  United  States  Geological  Survey  con- 
jted  with  the  water-supply  investigation: 

IHMrhnrg*'  mffUfun'mmtn  of  GiUi  Rit'er  ni  thf.  Buttt^^  Arizfma, 


Date. 

hcfRht. 

Pincharge. 

Dato. 

hei^t. 

Discharge. 

Janiiarv  11  . . 

3.20 
2.76 
2.90 
2.H6 
•2.90 
2.  HO 

Sectmd-fia. 

245 
61A 
M7 
514 
327 
222 
2fi5 
333 
270 
290 
272 

Marcti4 

Feel. 
2.50 

Second-/eet. 

128 
142 
146 
122 
98 
120 
142 
186 
180 
118 
96 
86 
90 
100 
91 

Janiuiry  25 

Marche 

2.50 
2.50 
2.50 
2.40 
2.40 
2.55 
2.60 
i60 
2.60 
2.60 
2.50 
2.60 
2.60 
2.60 
2.45 

Ff*bniHrv  3 

March  8 

Ptfl'iniarv  H 

March  10 

Kebniarv  1 

March  13 

Febman*  H 

Man*hl5 

Kcbniaiy  7 

'ifW 

March  17 

Februarv  9 .                       '2.70 

March  21 

Febniary  11 

2.80 
2.80 
2.75 
2.75 
2.65 

March  23 

February  13 .  .  . 

March25 

Febniarv  14 

March  28 

Febniarv  IS 

March  80 

Febniary  W 

198 

Aprill 

F'ebruaiy  24 . 

ZflO 
ZflO 
2.  BO 

ao9 

184 
U6 

April  2 

Wfhwn^rr  Tf 

AprU6 

sssy 

April? 
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Dmhargei 


I  of  GUa  Rmer  nt  ihi  BvM^  AHmmii — Ccuaiiiiied. 


April  n,. 
April  H.. 
AprLin.. 

Arm  19.. 

Aprtim,, 
April  21 . . 
April  21.. 
ApHlSi.. 
AprU'JI.. 
AiJfrii'-m,. 
AprtJ;S.. 

Juii«2.,. 

Juixo  v.*. 
Jhme  9. . . 
Jaii«  in.  ■ 

Jyne  10.. 
June  21.  > 

JOZIL'23.. 

Jam*  ^.. 

JtiJr2„.. 
Jul)- 4.... 

Julv8 

Jnlvio.., 
JiilyU... 

Jwlyis... 

Jtjlyl?.., 
Julylfl.-. 
JulylH,,. 
July  19... 
July  IS... 
July  20... 
JiJlyKp^, 
Jiily21... 
Aii|rt)Ml4 


2.40 
%7^ 


2.m 

2.1S 

lie 

2,10 
2.0& 
100 
9.00 
3.O0 
10I» 
2,0& 
1,9A 
1.96 
l.» 
2.20 

xm 

L» 
l.« 
l.SO 
tM 

l.TB 
1.75 
1,1S 

1.75 

1.7.1 
1.70 
1.70 
1.70 
l.M) 
2.7ft 
lt.«0 
£.70 
2.A0 

».40 

^.Ofl 
4.40 

H.O0 
*.&0 
.L7fi 


Ikittehftife^ 


■^ 


«1 

as 

60 

M 

m 


m 

13 

la 
u 

M 
U 

7 
4 

SO 

le 

4 
2 
1 
1 
1 
1 
2 
1 

25 
'2^ 
li; 

2 
3(M 

H2 

317 

1>UM 

104 

t,rifi7 

2.005 

S,7:« 

^W7 


An^mtlT. 

ADft«t» 

At«mi2& 

All«rQft9 

a,.. 

ewtember  A... 
September  7... 
B«ptenbcr7,^. 

Septembers.,. 
BeMe«aber9*.. 
Bvptember  IL, 
g«plcmber  12.. 
September  14, , 

B«ptaaber  !«** 
UeptepberiT.- 
9(*pifiOibcr  18 . . 
Sfpcember  19 .  ^ 
Septembet  20 . . 
iept«mber  21 , . 
September  22  - . 
Bc9f|ember2i.. 
SoptemUfr  34 , . 
September  2A . . 
September  20.. 


ScfpteoibeT  27 . 
i«p«embcr27. 
deplember  28 . 
Be^fa!mber2ft- 

Beptembcr  29 . 
September  30 . 

Ot^toberl 

Or«obef  2 

C>ftol»er3 

r?f  ti  ^^**^  4 

Oii^tobpr  ft . 

f>(  tr>h(-r5 

r^'iriher  i'l . 

(  tr'tnlMT  T  . . . . . 
^►['loUr  H . 

OttJiUT  10 ... . 
t>ttr»t*rr U  . . - . 
OiU>l»*Tl2.... 

OftoU'rH.,,. 
Octi-tU^r  1ft.... 
October  17, ... 

OeU>lA*r  18 

fktr>lwna..,- 

ek'tober20 

fM*lotH.'r  Jl .... 


S.50 
£.40 
2.3fi 
2.10 
2.00 
^00 
2.W 
1.90 
1.90 
1,90 
2.70 
^90 
Km 
49^ 

B.ao 

100 

2.af7 
xm 
xm 
%m 
xm 
xm 

U.30 
2.20 
2.20 
2.10 
2,10 
1.05 
2.00 
2.00 
2.00 


Dt«hA«C 


2.00 
ZOO 
2.00 
1,90 
1.90 
1.90 
1.90 
l.W 

1.  no 

Xh2 
■2,10 
2.25 

xm 

2.25 

2.a> 

2.  Kl 
2.10 
2.10 
2.  IC 
■i.UO 

2,  m 
xm 


m 

m 
n 

77 

43 

M 

iS 

10,11! 

xm 
m 


w 
m 

m 
m 

m 

m 


77 
41 

40 

7i 
41 
H 

« 

11 

3W 
133 

21f 

]» 

93 
110 
K 

^s 
71 
7t 
7& 


Measurements  were  also  made  of  Arthurs  ditch,  which  diverts  water 
one-half  mile  below  the  gaging  station,  of  the  Florence  canal,  opposite 
White's  ranch,  and  of  Gila  River  near  the  latter  place. 
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The  following  table  shows  the  measurements  made  during  1899: 
Ducharge  meantremenU  of  QUa  River,  Arihur^$  dUchj  and  Fhrence  canal,  Arizona. 

1809. 


Date. 

Streun. 

Locality. 

Diachaige. 

MarrM?    ,    , 

Arthur's  ditch 

One-half  mile  below  station. . 
One-half  mile  below  f^ation . . 

4.20 
19.28 

101.19 
2.16 

13.43 

42.61 

3.48 

8.51 

10.78 

2.70 

2.27 
2.94 

March  21 

Arthur's  ditch 

Marrb  ^i  . , . 

Gila  River 

One-half  mile  below  gate  of 

Florence  canal. 

Opposite  White's  ranch 

One-half  mile  below  Butte 

station. 
Below  head  gate,  opposite 

White's  house. 
At  White's  ranch,  opposite 

house. 
On  Gila  River 

March  21 

Florence  canal 

April  17 

April  17 

April  17 

May6 

Maya 

May6 

May  18 

May  18 

May  18 

Arthur's  ditch 

Gila  River 

Florence  canal 

Arthur's  ditch 

Gila  River 

Below  Florence  canal 

At  White's  ranch 

Florence  canal 

Gila  River 

At  head  of  Artiiur's  ditch  at 
the  Buttes. 

Below  Florence  canal 

Opposite  White's  ranch 

Gila  River 

Gila  River 

Daiiy 

^a^haght^m 

fed,  of  QOa  Rwer  at  tU  BuUet,  Arizona,  far  1899 

D»y. 

Jan. 

Ffeb. 

Mar. 

Apr. 

May. 

Jane. 

Jnly. 

Aug. 

Sept 

Oot 

1 

2.80 
2.78 
2.80 
2.78 
2.70 
2.65 
2.00 
2.63 
2.68 
2.  CO 
2.73 
2.70 
3.30 
3.15 
3.00 
3.00 
2.95 
2.93 
2.  HO 
2.73 
2.70 
2.70 
2.80 
2.  HO 
2.75 

2.80 
2.73 
2.88 
^99 
2.91 
2.78 
2.80 

2.n 

i72 
2.70 
2.78 
2.80 
2.  HO 
2.78 
2.75 
2.70 
2.67 
2.68 
2.65 
2.63 

"*2.*65" 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 

2.M 
2.60 
2.60 
2.60 

'"i'w* 

2.60 
2.50 
2.60 
2.60 
2.40 

*  *i"46* 
2.40 
2.40 
2.50 
2.56 
2.55 

"'•I'eo' 

2.60 

'2.m 

2.fiO 
2.60 

"i'so' 

2.50 
2.50 
2.50 
2.50 

2.60 

**'2.*45' 
2.60 
2.60 
2.60 
2.45 
2.45 

'i'is' 

2.45 
2.40 
2.40 
2.40 
2,40 

"i'-io' 

2.40 
2.35 
2.30 
2.80 
2.30 

■"'i'so' 

2.30 
2.30 
2.30 
2.25 
2.25 

2. 25 
2.20 
2.20 
2.20 
2.20 
2.16 

"2.'\b 
2.15 
2.10 
2.10 
2.10 
2.10 

"2.65' 
2.06 
2.00 
2.00 
2.00 
2.00 

'2.06' 
2.00 
2.00 
2.00 
2.00 
1.96 

■■'i.*95' 
1.90 
1.90 

1.90 
2.20 
2.10 

'  *i'66* 

1.96 
1.90 
1.90 
1.90 
1.85 
1.80 
1.80 
1.80 
l.HO 
1.80 
1.75 
1.75 

""i.iK 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 

1.76 
1.75 

1.76 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 

*"i*86* 
2.75 
2.80 
2.70 
2.50 
2.40 

2."  70* 
3.10 
4.20 
7.30 
5.50 
4.60 

'4.06' 
3.90 
4.00 
4.00 
5.25 

4.00 
4.70 
6.60 
4.60 
4.00 
8.70 
8.80 
4.60 
S.70 
8.80 
8.80 
8.10 
2.80 
2.80 
2.70 
2.60 
2.50 
2.50 
2.40 
2.40 

"i'so" 

2.30 
2.20 
2.10 
2.10 
2.10 
2.00 
2.00 
2.00 
2.00 

2.00 
2.00 

L87 
1.96 
8.80 
8.80 
4.86 
4.30 
8.86 
3.00 
2.80 
2,65 
2.60 
2.60 
2.40 
2.30 
2.30 
2.20 
2.20 
2.20 
2.10 
2.10 
2.05 
2.00 
2.00 
2.00 
1.97 
1.90 

LOO 
1.00 
1.90 
1.00 
2.16 
Z16 
2.26 
2,87 
2.80 
2.22 
2.20 
2.20 
2.20 
2.10 
2.10 
2.10 
2.10 
2.06 
2.00 
2.05 
2.06 

2 

s 

4 

§ 

6 

7 

8 

9 

10 

u 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22.. 

23 

24.. 

25 

26. 

27 

2.75 
2.70 
2.75 
2.70 
2.68 

28 

29 

80 

81 

Station  discontinued  October  11. 
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QtI£K>«   OlEEK   AT    WHlTlJlJW's    BANCH^    AfUZOKA. 

ThU  creek  b  a  tributary  of  the  Gila,  aud  has  ita  source  in  tlie  Rnd 
Mcmntains,  40  miles  northeast  of  Floreiici%  Arizona.  A  short  dktimi 
below  Whitlow's  ninch  it^  waters  ordinarilT  are  lost  in  the  saod^of  tl 
dfts<*rt,  and  it  is  only  during  protracted  floodi*  that  the  disn^hargi'  co» 
tinuea  south  westward,  entering  Gila  River  below  the  Sac^ton  Eangi 
Thi*t  lia-Nin  was  under  examioation  in  cotttie<!t]O0  with  thu  invcstigati0 
I  of  the*  wator  supply  of  Gila  River' 

I  Tha  di,s<^hftrge  of  thiis  creek  m  intermittent,  depending  upon  sud^ 

II  and  violent  floods,  which  are  generally  of  abort  dnratiotn  asudl 
eictending  over  a  period  of  onl^"  one  day.     In  order  to  obtain  an 
rate  estimate  of  its  flow,  it  i»  necessary  to  have  an  observer  congtatit^ 

I   on  the  ground.     The  station  at  Whitlow-s  was  establlsbed  in  Febi 

I   ary,  1896,  and  was  discontinued  in  April,  1897*      It  was  resui 
November  16,  1898*  when  the  orig-inal  rod  was  extended,  lofferii 

I  the  zero  3  feet  Oo  the  same  day  a  sloping  rod,  referred  to  the  sii 
datum,  was  placed  ■iJJl  feet  upstream  from  the  main  gage.  Mm§ui 
ments  can  be  made  from  a  cable  and  car*     It  was  impracticable,  dui 

j    ing  1899,  to  use  a  meter  at  this  point*  so  the  observer,  daring  tl 
flood  stages,  observed  both  gages  at  short  intervals  and  took  i 
ings  from  which  a  cross  section  could  be  computed     The  discbaiigl 
were  figured  by  Kutter's  formula  from  these  measurements  of  somM 
inge,  and  from  the  slope  as  determined  by  the  observations  of  heigii 
on  the  two  rods.     The  re-i^ults  of  measuremeut.s  may  Ijc  found  as  foP 
lows:    1896,  Eighteenth  Annual   Report,   Part   IV,   page  2t>3;  l^l 
Nineteenth  Ann  mil  Report,  Part  TV,  piige  41 S.     Thf  ftiUowinir  Libte 
shows  the  dates  on  which  there  wiis  a  disch:irt,n^  in  tiie  i*ivt*k,  tufrctkr 
with  the  number  of  second-feet, 

DMtnryt' mftmtnmrntit  4jtf  Qiutti  f Writ  fi/  Wttifitnr^jt  r*ttit'fi,  Aiiiou^. 


imi. 


Date. 


Jainiarjr  12  .....,,... 

JiLNuarjr'  12  , ,., 

JimHiiry  U „.. 

Juniiury  VA  ._...._.^* 

JHiniHry  U 

XiLniian'  U  ....*...., 

Kfbrmify  H  „.* 

Ftjbnmry  3 

Felinmry  4  „. .„ 

Fpliruarj'  1 

IVbriiiiry  &.,...«.,*> 

MmrhJ 

April  ..iCrtwk  dry..^ 

June  2. ;.......,...„ 

June  2 , 

jQiie  ©.*.* ,. 


Giwt- 

Dtacbftiifi*.  ' 

2.00 

SftontP/ftt, 

a  DO 
2.60 
2.40 
2.30 
2.20 
3.tX) 

2.m 

•2.50 

2.70 
2,30 
5.00 

87 
57 

-m 

11 

a 

62 

Jiine2tj  ..,.■ 

July  J* . 

July  10  ..... 

JulyKt 

July  13 

July  16.,.,. 
July  IS-,... 
Julv2B_.... 

Julvao 

July  23  -.,.. 
July^...,. 
Au^Tist  l._.. 

Auerti»t2.... 

Bopti^mbyf  7 


2.  Bo 
U,  10 
2  jO 

2aiO 
7. 10 
-I  ^» 
S  W 
0.(X> 

7.  on 


I 


iTJvtiiinci*, 


^■?  i 

h] 
KM 

I  » 


m 
i.:«^ 


hSton^^  It!  wtiUif  on  GLla  Rlv«r,  ArU<jtka.  by  J.  B,  LipphjctiU:  Wftler^i^uppl^  amX  Jirigadon  Fif* 
No.  S3, 
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BALT  BIYEB  AT  MCDOWELL,  ARIZONA. 

This  river  is  the  principal  tributary  of  Gila  River,  and  rises  in 
rmham  County,  Arizona,  its  headwater  tributaries  adjoining  those 
Son  Francisco  River.  A  large  portion  of  its  course  is  through  the 
Mintainous  district  of  the  White  Mountain  Indian  Reservation, 
ngation  is  practiced  to  a  small  extent  in  what  is  known  as  Tonto 
Jley,  but  shortly  after  Tonto  Creek  joins  it  the  river  enters  a  canyon 
ain  and  continues  in  it  until  a  short  distance  a]K)ve  the  mouth  of 
ode  River.  At  this  point  the  river  reappears  from  its  canyon,  and  its 
one  is  thence  across  the  Plains  district  until  it  enters  Gila  River  at 
B  northwest  comer  of  Gila  River  Indian  Reservation.  From  the 
mth  of  Verde  River  down  to  Gila  River  a  number  of  large  canals 
rert  the  water  of  Salt  River  and  serve  the  extensively  iiTigated 
ids  in  the  \icinity  of  Phoenix  on  the  north  side  and  Mesa  on  the 
ath  side  of  the  river.  During  ordinary  seasons  all  of  the  water  of 
It  River  is  diverted,  and  at  the  present  time  there  is  a  shortage  in 
9  summer  months.  The  gaging  station,  established  April  20,  1897, 
located  one-half  mile  above  the  mouth  of  the  Verde  and  30  miles 
liheast  of  Phoenix.  The  gage  consists  of  a  2  by  6  inch  scantling 
Ited  to  rocks  on  the  south  side  of  the  river  about  300  feet  above  the 
ble.  The  bench  mark  is  a  nail  in  a  palo  verde  tree  about  75  feet 
art  of  the  north  cable  anchorage  and  is  17.33  feet  above  gage  zero. 
le  bed  of  the  river  is  sandy  and  shifting,  and  it  is  necessary  to  make 
uge  number  of  measurements  in  order  to  obtain  an  accurate  esti- 
ite  of  the  discharge.  The  results  of  measurements  may  be  found 
follows:  1897,  Nineteenth  Annual  Report,  Part  IV,  page  420;  1898, 
Brentieth  Annual  Report,  Part  IV,  page  406.  The  following  dis- 
tti^  measurements  were  made  by  W.  A.  Farish  during  1899: 

DMtarge  meamiremenU  of  Salt  River  at  McDtjwellj  Arizona. 
1899. 


»•««•                  hcZt. 

DijH>hanire. 

1 

1                Date. 

(iage 
height. 

Discharge. 

JftnnaTy  16 

11.40 

Second-feet. 

867 
390 
426 
519 
602 
481 
476 
178 

July  16 

10.35 
10.05 
10.20 
11.50 
10.  10 
11.90 
11.00 
10.96 

Sfcond-/ed. 

244 
144 
716 
178 
496 
226 
331 

January  22 

11.05 
11.20 
11.20 
11.20 
11.80 
10.85 
10.89 
10.10 

August  22 

Fcbruarj*  1*2 

Poptomber  4 

February  28 

September  10 

Octobers 

March  12 

Man-fa  81 

Octol)er  16 

April  29 

November  90 

December  1 

Apriiao 

June  29 

A  series  of  measurements  of  canals  diverting  water  from  Salt  River 
the  vicinity  of  Phcenix  were  made  by  Cyrus  C.  Babb  from  June  12  to 
y  inclusive,  in  order  to  determine  the  amount  of  return  water  to  the 
rer  through  seepage.     A  similar  series  of  measurements  were  made 


F 


DFEEATIOHb    at   KTTKK  WATIOKa,  1809, PABT  n\      ['i^ 


Jooe,  l^!^f.     A  dtxu^ikiii  of  them  two  mtB  of  de«p^€  memu^ 
Qieotfi  will  be  made  in  ihfr  Tw>Mity*fir>*t  Atitiuat  Kt^porL 


^  im  Saa  Mmer  laUe^,  AtmmiA, 


BAKwm 

Ved»m««r. ........ 

Afixena  fMiml,--. 

AiiMmii  wmtc!'. 

eyiftiim...... . 

,_™  _,,,.,.    lilililaiid  cxiui 

JmelS J  MfcAOnKMilldftled.., 

JwMli  ....-J  Siiiillfliii««.. ,.. 

Joae  IS I  Me 0ft     OoMolidited 


Jaw  If 
Juttl3 
JviwlS 
JtmelS 
JimelS 
JmvlS 


[4V»tftr< 


^3^ 


J«ne  13 @dl  K]%«fr  . 


OuiMf  Mliim.. ...[  mi 

Be&w  wwte  gite- . . ....  1^1 

AliiTe*...-^. ....  »• 

Opponte  AriaoDft  ivaste  gate,  SI  T 

Mow  w«it9  e9te --J„„r  CJ 


Bptr  ^ 
J«fielS  ......    SiJiRh 

Jmiis  IS  ..,,.J  MlBivtr...., 

JtrnelS  ......{  BtltBiver..... 

/oa^t^ gl.  Jofu^  caAft] 

Jane  15  ,„..J  Salt  Itiver 


Jaii9  IS 


8«lt  Eivc? 


Near^ite.... 

0|)f(Mile  Mesa  Ooot^idat«d 
waste  gate. 

Fopd  tiearli«^ ^^i*-_^_. 

0|>paHt«  l%rope  canal  bead. 

Bailroaid  bridge 

So^ith  of  FbiBDlx 

Aliwad........ ........... 

Below  head   of  Bt.   Johns 

At  kead ^ 

Below  Bnek^e  eaiial, . . 


111 

die 

u 
u 
sil 


Hdi^  i^o^  hagklf  m/csBtf  f^SctU  River  of  McDoweU^  Arizfma,  for  JSS9. 


I>AJ, 


JO.  - 


Jjin.      Fph 


lO.TTf  I 
JO,  70 
10  7n  , 
lO.rlS  I 
10.70 
10,70 
10.70 

10  7t) 
10.4^ 

UJJO 

11  fA 
iL7i> 

n,.io 

11.  lA 
U.2ft  , 
U/10  t 


20 .- 

22 

23 !   11.05 

11.  U5 
11.00 
11.00 
10.90 
10.90 
10.90 
10.90 
10.90 


10.96 
ILOO 
ILIO 
11  « 
11.30 
11- 2& 
21.20 

n,ij 

11.10 
1K0& 
1L30 
lL-30 

n,:^o 

ll-W 

H,  in 
11.  IS 
11.10 
11.10 
11.10 
n  ^\^ 
11.  10 
11.1.') 
11.15 
11.20 
11.20 
11. -20 


Max.      Apr. 


Maj. 


2D     U.» 

IS  '  IL2* 
10     11.20 

IS  ,  11.15  . 
30  I  11-10 
25  11  20 
1 U  W 
11.  SO 
1 1 .  i9i 
11.  do 
11.:*  I 
ii.;tti 
11.  r^ 

11.30 

ll.^il  , 
11  :iT 

11.2^  ! 


10.90 
10.96 
10,80 
10.  7b 
10.  HO 
10.7?i 
10.  7.S 
10.7!> 
lO.ikS 
10.  W 
10.55 
10.50 
10.  .W 
10-  4S 
10.50 
10.  55 
10.  .55 
10-55 
10.  W 
10.  ,55 

10,  r^s 


J  tine.    July.     Aii|?-  I  Kept,      iVi,  I    SiT 


11.20 

10.55 

11.15 

10.60 

11.15 

10.60 

11.15 

10. 55 

11.10 

10.  .50 

11.10 

10.  45 

11.05 

10.40 

10.90  j 

10.  as 

10.80 

10,^ 
10.35 
10.40 
10.46 
10,42* 
10.40 

10,  a> 

10.35 

10  :v^ 

10.  40 
10,30 
10,  25 
10.20  ' 
10, 1'O 
10,20  I 
10.20 
10.20 
10. 15 
10. 15  I 
10.10 
10.-2l>  I 

Ui    1  \ 

io.20 

10.30 
10.20  I 
11.10  I 
10.50 
10. 15  I 
10. 10  I 
10.10  I 


10.10 
10.10 
10.10 
10.05 
10-10 
10.10 
UX05 
10.  05 
10,05 
10. 10 
10.25 
10,4^) 
10.5(» 
10.  W 
10.  ,VJ 
10.  40 
lD.i» 
10.90 
10.  KO 
10,70 
11.(1(9 
111.  1--. 
11.50 
11.40 
12.  50 
11.60 
11.70 
11.60 
12. 70 
12.80 
13. 00 


13.50 
17.00 
14,30 
13.00 
12.  W 
12-70 
12.  2!" 
11  90 
n,  10 
11. »5 


11.  10 
11  Al 
11. W 
11.  U> 

10.  TO  1 

11.  ai  I 
lo.y^T 

lO.SiJ 

10.  w 
lO-r(0 

m.  K^ 
10.  40 
10.40 
10.  4.5  t 
10.  40  1 
10.40  I 
10.:i.5 
10.30  I 
10.30 
10.40  ' 


10.30 
10,35 
10.3il 
10-  40 
10.40 
Tt\40 
10  S5 
10  H^LI 

1 1 .  15 

12.  fiO 
1 1 ,  f*5 
ll.ntJ 

n  'Mi 

Tl.tK^ 
10.7(1 

111  at 
10,  .vi 

10.  Hr 
10.  r> 

lii.  15 

10  t5 
10.  40 

10.  ;i5 
10.  :i' 
10.  :i5 
10.  a5 
io.;i.5 
10.  :i.5 
10. :« 


10.  W 

io,;io 

I  10.3li 

I  10,  10 

10.40 

10.  Mi 

10.  40 

\i\  4r. 

10  10 

H^41» 
ID.  40 
]  0,  H\i 

12.  70 

ii.yo 
n  !V] 

11  H> 

11,  W  I 

11  ;^F 

ll.UT 

I  vim 

I      LI     ,  V I 

WAV 
i   11. (Ht 

i   11.  0<^ 

n.ui 
10.  ^J-^  j 

10.  V»-5  I 
10.  'JO  1 
10.91.) 


US* 

li** 

Kiilf 

10  «■ 
It}.*' 
l«l  fti 

10.  *> 
\^% 
n.«  , 

ILiiO 

n.m 
ii.i» 

M.t^i 

ii  m 

11.  HI 

11.  ai 
11 '1' 

ll.'V 

11. 'X! 

11. 'X> 

11  !»' 


station  (li.s^ontimied  Novombor  iW. 
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YERDE  RIVER  AT  MCDOWELL,   ARIZONA. 

This  river  rises  in  north-central  Arizona  and  flows  in  a  general 
ratherly  direction,  entering  Salt  River  30  miles  northeast  of  Phoenix. 
.  number  of  large  irrigation  enterprises  have  recently  been  planned 
id  are  now  in  course  of  construction,  designed  to  divert  water  from 
fee  lower  stretch  of  the  river  to  irrigate  lands  north  of  Phoenix.  The 
Molts  of  measurements  of  this  river  combined  with  those  of  Salt  River 
ftow  the  amount  of  water  available  for  the  irrigable  lands  of  Phoenix 
alley.  The  dam  of  the  Arizona  Canal  Company  is  located  on  Salt 
Sver  immediately  below  the  mouth  of  the  Verde.  The  gaging  station 
I  this  latter  stream  is  located  three-fourths  of  a  mile  above  its  mouth 
ad  30  miles  northeast  of  Phoenix.  It  was  established  April  20, 1897. 
lie  station  is  equipped  with  a  cable,  car,  and  tagged  wire.  The  gage 
snsists  of  a  2  by  4  inch  inclined  rod  fastened  to  posts  driven  into  the 
ist  bank  of  the  river  about  400  feet  l)elow  the  gaging  cable.  The 
ench  mark  is  on  a  cat's  claw  tree  about  1(X)  feet  southeast  from  the 
Id  gage,  on  a  cottonwood  tree,  which  latter  is  60  feet  below  the  cable, 
lie  elevation  of  the  bench  mark  is  27.02  feet  above  gage  datum.  The 
hannel  of  the  river  is  similar  to  that  of  Salt  River — sandy  and  liable  to 
htnge  during  a  slight  rise,  and  a  large  number  of  measurements  are 
eoessary  in  order  to  accurately  determine  the  discharge.  The  results 
f  measurements  may  be  found  as  follows:  1897,  Nineteenth  Annual 
teport,  P&rt  IV,  page  420;  1898,  Twentieth  Annual  Report,  Part  IV, 
•ge  407.  The  following  measurements  of  discharge  were  made  by 
V.  A.  Parish  during  1899. 

DMiarge  meaauremenU  of  Verde  Rtirr  at  McDowell ^  Arizona, 

1899. 


Date. 


hc^t. 


Diflchaixe. ! 


I 


AM.  :  Snt,nd-ffri. 

Janiuir7l5 ,  7.Gf>  !  iTA 

Janiuu722 1  7.50  !  X» 

Febnwry  12 7.70  371 

February  28 i  7.55  »24 

Marrrhl2 7.r»5  .  '^02 

March  80 7.50  ■  2M 

April  29 '  7.:J5  lUl 

April  80 1  7.40  WJ 

June  29 7.15  127 


I>aU>. 


July  16 

AiifHMt  5 

AujfUMt  22.... 
Si'ptoinlKT  -I . 

S4.'I»tt'IlllMT  10 

(K'tnlMT  « 

(X'IoIht  15... 
Novi'inluT  :H) 
rK*<H'inUT  1.. 


heiglit. 

DiwhRFKi*. 

Fed. 

Sinmfl-/trt 

7.5() 

iTvl 

h.yo 

1.213 

7.:ir. 

i:J9 

7.40 

I4(i 

8.20 

481 

7.50 

aoii 

9.20 

l.twO 

7.  HO 

3U3 

7.75 

265 
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Bmf, 

Jun, 

MbL 

Ite. 

Apr. 

M«y, 

lime. 

Julr. 

Aog, 

ism- 

Oel. 

mf. 

U*, .****.**. 

7.45 
7,«A 
7.45 
T.Sfl 
7.40 
7.<0 
7.ia 
7.4& 
7.10 
7.10 
7.4& 
7,10 
7.W 
7.76 
7.70 
7,|ft 
7.40 
7.4ft 
7.4fe 
T.«0 
7.IW 
7.60 
7.4& 

7.56 
7,80 

7.40 
7,fi6 

7.45 
IM 
7,66 

7W 
T.flft 

7.flO 
T,# 
7.00 
7.«) 

:.ea 

7,6ft 
7.» 
7.70 
7.70 
7.  MS 
7,d5 
7.i5 
t» 
7*M 
7.<» 
7.65 
7.M 
7.fltl 
7,SC 
7,«0 

7.eo 

7.00 
7.70 
7.<W 

7,*0 
IM 
^M 
IM 
7.» 

7- as 

7.(16 
7.  ft* 
?.*& 
7.56 
7. 66 
7.fi5 
7.56 
7.56 
7,S6 
7.56 
7.66 
7.  GO 
IM 
7.EiO 
7,86 
7,65 
7.50 
7,flO 
-60 
7.60 
7.6D 
7.66 
7.66 
7.66 

7.W 
7.flO 
7.10 
7JiO 

7.  mi 

7.60 
7.46 
7.40 
T.46 
7. 40 
7.40 
7.40 
7.40 
7.10 
7.40 
1.86 

i.m 

7.35 
7.86 

7.36 
MS 
7.35 
7.35 
7,S& 
7. 86 
7.S6 
7,40 
7.86 
7.36 
7,40 

1 

7.# 

7.40 
7.*i 

i.m 

7,W 
7,W 

7.ao 
7.ao 

T.» 

7.as 

7.2& 
7.2P 

ra» 

7.S(> 
7.20 
7.26 
7,5K 
7.'^fl 
7.30 
T.Ii 
7JW 
7.10 
7.10 
7.10 
7.16 
7,30 
7.20 
7.20 
7.20 
7.20 

7.16 

7.aj 

7.25 
7.20 
T.nfi 
7.36 
7.36 
7.15 
7.16 

i*m 

7,90 
7.35 

7,tM 
7.2D 
!    7.a0 
7.20 
4. 3D 
7.16 
7.  IS 
7.10 
7.10.. 
7.10 

7.ao 

7.80 
7.20 
7.30 
7.46 
7.26 
7.16 
7.16 

7.20 
7,16 
7.15 
7.10 
7.10 
?.!0 
7.10 
7.10 
7.10 

-a& 

7.40 

7.70 
7.80 
7.«0 
7.M 
7.70 
7.  BO 
7.40 
7.80 
11.40 
7,80 
7.45 
ft.  SO 
ft.  36 
«.0& 

^.m 

7.70 
7.76 

ft.  20 
S.00 
7,80 

a  00 

8.80 
*.(» 
9.W 

aw 

ft.  60 
*i.lO 

7.ao 

7.80 
7.65 
7,66 

7.46 
7.40 
7,66 
7.S0 
7.40 

l:S 

7.36 
7.30 
7,*0 
7.25 
7,26 
72S 
7.30 
7.20 
7.20 
7.86 

7.86 
7.40 

7.60 
7.40 

7.40 
7,a5 
7  40 
0.40 
&,70 
«.80 

aoo 
7.as 

7.710 
7.  OS 
7.60 
7.60 
7,60 
7,60 
7.60 
7.46 
7.46 
7.46 
7.*D 
7.4B 
7.46 
7.40 
7.40 
7,40 
7.35 
7,40 

7.86 

il 

7  70 
7.10 
7.46 
7.45 
7.45 
7,60 
7.tt 
10.  io 

i.60 

0.30 
9.2S 

%.m 
aao 

&20 
i.OO 
8.00 
7.» 
7,85 
7.10 
7.80 
7,80 
7.80 
7.80 
7.75 
7.76 
7.70 

1M 

». "—! 

S::r*:z:: 

«* 

1 *. 

8 -  — 

7.16  1 

7.70 
MO 
7.7q 

:.» 

7,78 
7.» 

10-**  ^*  *•*-, 

%l 

J::::::-::: 
If,,,, 

,..,.,... 

B:::::::."*; 

a(j,.,_. , 

r----', 

n,,,,, 

12 — ;,„,,* 
n*... ...*.*** 

»* ... 

wa****, ******* 

w****. ******* 

»*....,.„„., 

:s 

30 

a„... — *. 

IP 
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COLORADO   KITEE  AT  TUMA,    ARIZONA. 


This  river  drains  one  of  the  largest  areas  in  the  West.     It  is  fomwd 

l>y  tlio  juiu'tioTi  <^f  Grc^t^n  iifnl  Giurul  rivrr.s  in  Ftah^  and  i]€KV>  in  a 
gcnoml  Houthorly  direotion  iiiitil  it  enU^rs  tho  Gnmd  Canyon  in  north- 
ern  Arizona,  when  it&  genera!  direction  is  westerly  for  some  dij4tan<"e, 
and  then  *ioutherly.  It  funn.-i  the  hoimckry  line  }>etwren  Nevada  and 
Arizona,  and  lower  down  between  Califonna  and  Arizona.  It  eutt^rs 
the  Gulf  of  California  TO  milej^  below  Yunm*  The  j^tation  i^  located  at 
the  Southern  Pueitir  mil  road  brid{:,^e  aeross  the  Colorado  River  at 
Yiinm,  Arizona,  The  ga^e  is  fastened  to  a  tnll  pile  about  lUO  ft.-et  raj^t 
of  the  north  end  of  the  bridge.  Low -waiter  readings  are  taken  from 
a  K'a^e  ]>laiM'd  on  the  vve^st  end  of  the  southern  pii^r.  The  reeord  bore 
hutS  been  kept  by  the  Southern  Paeitie  Railroad  t\>riipHny  since  April 
187S,  and  i.H  furnished  to  this  office.  No  measure  men  t.s  of  di.^chjirge 
were  made  hei'e  in  18^9* 
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Da3y  ga^e  height,  in  ffftj  of  Colorado  Rirer  at  Yumaj  Arizona,  for  1899. 


D»y. 

Jul. 

Feb. 

Mar. 

Apr. 

May. 

June. 
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25.67 

Aug. 

Sept. 

Oct. 

Nov. 

De<'. 

1.... 
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1&88 
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1.... 
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NOBTH   FORK  OF  HUMBOLDT   RIVER  AT  PEKO,    NEVADA. 

This  tributary  of  Humboldt  River  rises  in  northern  Nevada,  its 
auiwaters  adjoining  those  of  the  Owyhee  River  on  the  north.  Its 
ineral  course  is  southerly  through  a  rolling  country  until  it  joins 
le  main  Humboldt  River.  The  gaging  station,  established  March 
>,  1898,  by  L.  H.  Taylor,  is  located  at  the  Southern  Pacific  railroad 
:idge  about  2  miles  west  of  Peko  and  a  short  distance  above  the  mouth 
f  the  river.  The  gage  is  a  vertical  timber  spiked  to  the  pile  support 
f  the  railroad  bridge.  The  bench  mark  is  on  the  stone  abutment  on 
le  east  end  of  the  bridge,  on  the  left  bank,  and  is  12  feet  a})ove  gage 
itum.  The  channel  alK)ve  and  below  the  station  is  curved,  and  the 
irrent  is  moderately  swift.  The  l)ed  of  the  stre^im  is  of  sand  and 
ravel,  shifting  somewhat  during  high  stages.  The  results  of  meas- 
rements  for  1898  are  shown  in  the  Twentieth  Annual  Report,  Part 
iT,  page  436.  The  following  measurements  of  discharge  were  made 
r  L.  H.  Taylor  during  1899: 

April  2S,  gagi^  height,  5  feet;  diwharpe,  732  pc^oond-fcet. 
May  15,  gage  height,  4.5()  feet;  diiwharge,  504  t?e<.*oii(l-feet. 
June  26,  gage  height,  5.70  feet;  discharge,  1,053  wx'ond-fwt. 
July  22,  gage  height,  4  feet;  diw^harge,  331  8econ<l-feet. 
August  29,  gage  height,  3.10  feet;  discharge,  104  second-feet. 
September  30,  gage  height,  1.75  feet;  discharge,  6  second-feet 
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BmUg  jfdff  hii^hl^  in  ftfi,  of  N^h  F^rk  of  Bumboldi  Himr  at  Ptka,  Nt 
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llUMBOLirr   RIVKR  AT  KLXO,  PmVADA*  M 

Thin  river  rhes  in  the  extreme  north^'afltorn  part  of  Nen 
fiowH  in  n  general  we.^terly  and  southerly  direction,  linallj  € 
HunilH>Idt  Ijak(%  wht'ncp  \t^  vratt^iVH  find  their  way  into  Huml^K 
Caraoii  sinkri.  Th**  ^rt^iionil  diri^ctiun  of  tht^  inountiiiii  nm^^^ivs 
bustn  is  nor  til  urnl  south,  rrnssed  jit  nc^urly  rl^ht  tingles  by  tl 
JIuMiholdt  Riv^.T.  Tl)t*  tl■ihutaril^'^  Wow  in  thf  gonenil  diri^rtio; 
mountain  nuigt'-s  and  dniin  iMthiu*  nortlnvard  or  southward.  Tl 
may  he  <lividi'd  inhi  thrrr  divisions  -thr  oa^t^^nu  or  headwat 
Hion,  sepiLnittMl  from  th*^  niiddh^  itr  I^ittle  Moinitain  Valh'v  by  1 
Ciinj'oii;  the  i-cntral  and  wcstei'n  divisf^iuns,  isepanitiHl  by  Hot 
Range  on  the  ruirth  and  by  Battle  Jlountain  juid  Sonnum  itin^rt 
south.  Thi^ro  i,s  a  hir^^e  body  of  a^^rifuUnml  lurul  in  tb<'  1 
Hundnitdt  River  whii-h  at  the  pres^ent  tiiru.^  is  not  wholly  nn 
During  low  stagt^s  th*:  river  is  nhnlly  div^■l■trll.  For  tin- 
d<'Vt4opnnuiL  of  the  t*oindrv  nvuurse  must  bf  had  l<i  th*^  rons 
of  mser\'oirH  for  storag*'  purpo.^es,  Tho  station  at  Klko,  i-sti 
June  IT,  lHiJ5,  by  I.^.  II.  Tayh.u%  is  loeated  at  th^^  hi«^hway  \ 
mile  :4outhwe,st  of  the  town.  The  i!;iii^i^  i^  iuLdiiiod,  fastentxl 
bolts  drivt*n  irit4>  the  .^olid  rock,  and  U  plaeed  on  the  left  Imnl 
diately  Indow^  fho  liridge.  The  Innu-h  mark  i.s  on  tht^  south wes 
of  the  t^offerdani  .surrounding  th*'  stone  pii*r  of  the  bridge 
ntirth  of  the  ga^c,  and  i.'^  at  an  elevation  of  7.50  feet  aboi 
dntuuL     The  right  tmnk  is  quite  low,  th*^  left  U  high  and  rock 
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d  of  the  stream  is  of  gravel  and  sand,  with  a  slight  tendency  to 
woige  its  channel  during  flood  stages.  The  results  of  measurements 
•J  be  found  as  follows:  1896,  Eighteenth  Annual  Report,  Part  IV, 
Be  300;  1897,  Nineteenth  Annual  Report,  Part  IV,  page  426;  1898, 
peotietii  Annual  Report,  Ptat  IV,  page  437.  The  following  moasure- 
bbIb  of  discharge  were  made  by  L.  H.  Taylor  during  1899: 

DUcharge  meoMwrement*  of  Humffoldl  River  (U  Elko,  iNVwM/<i. 

1899. 


1 

April  27 

Fed.       Stvond-/€et.                                               Fret.       Sfi^mdfiri. 

6.40    1          1,421         July2 7.10              1.817 

5.40                 9H4        July  22 1.50                 630 

llaylO 

June  10 

6.90              1,246         Au)nu*t2S 2.80                 144 

June  26 

7.80             2,260        September  29 J.  10                  31 

I 

Dailij  tjnge  height^  in/eet^  of  IlnmitoUit  River  at  ElkOy  Xevada^  Jur  1899, 
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80UTH    FORK   OF   HUMBf)LI>T    KIVER   AT   MA80N  S    KANCII,  NEVADA. 

This  tributary  rises  in  Eureka  and  Whito  Pine  counties,  and  takes 
nearly  due  north  course,  entering  the  main  Huiuboldt  River  10 
ifles  below  Elko.  The  little  irrigation  prac^ticed  in  the  basin  is  almast 
^usively  for  forage  plants.  The  measurements  of  discharge  show 
be  amount  of  water  available  for  storage.  There  is  a  good  site  for  a 
teservoir  a  short  distance  above  the  station.  The  station,  established 
kogust  29,  1896,  by  L.  H.  Taylor,  is  located  10  miles  southwest  of 


OFIBATIOHB    AT   BIVKlt   BTATIOK9,  !§«»•— FART    IT*        l^^ 

the  town  of  Elko  and  about  ^  miks  above  the  jtmetion  of  the  Souib 
Fork  wiUa  the  main  streani.  Tb«  gage  b  indined  and  gpike^i  to  po^ 
driven  firmlj  ittto  the  right  Lnok.  The  bcDch  nmrk  U  the  top  of  a 
S  bf  4  inch  jioett.  ^i  feet  loniTt  driveo  flush  with  the  ground  10  feel 
north  of  the  gage,  and  ii*  at  an  eleration  of  7,50  feet  abi>ve  g^ 
datum.  The  ineafiuretni*ntti  are  made  from  a  c»bl<?  arid  susi^eoded 
i^r,  al  a  point  1  milo  alK)%'f^  th<^  g^g^^  the  latter  being  placed  n^^ar  Ha 
fanti  ijf  the  ob«*nrer,  for  hm  eunvenience.  At  th<?  point  of  nletti*liIl^ 
uient  the  iifuik**  are  high,  and  the  channel  is  straight  for  some  distaoff 
above  and  ^wlow  the  station.  The  bed  of  the  ^trej^m  h  of  rock  iwf 
gravel  and  iinite  stable.     The  insults  of  nimsui^nients  tnay  be  iomi 

^ae  follow*:  1^1*6,  Eighteenth  Annual  BeporU  P&rt  l\\  page  mU 
Nineteenth    Annual    Report^   Part    IV,   page  43Ci;    18H8,   Twcoticd 
Lnnuat  Report*  Part  lY,  jiage  44^>.     The  folkiwing  dii^charge  m»r 

ptirementB  were  made  bv  L-  HL  Taylor  during  18i*9: 

April  27,  gige  hdigbt,  2,50  feet;  disclianpe,  404  Nvc-otid-feel. 
Mkf  li3^  gii0  bei^ht^  l.SO  feet;  di^chargp,  227  m&cmd*f&e^ 
Jisae  10|  ipge  betghu  3.30  feet;  diecbaf^gie,  d&^l  »eootid4e^ 
lliot  ^  pge  heigh tf  4. SO  feet:  diseharge,  1,122  flt^cond^feet. 
Jul/  %  gige  height^  4. 15  feet;  diiR^liaigef  010  second-feet 
ApgBitSSr  gage  h<>igb^  0.75  foot;  dtBeh&fiKe,  42  secoDd-feet, 
Sufitmibef  20^  gage  height  0^55  foot;  dlachaixe,  20  second-feet 

f  g*tge  height^  m  /erf,  of  Sottih  Fbrk  e/  HnmbokU  JKtscr  at  Mason's  rcrnc^  A^wufct  ^ 
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HUHBOIiDT  RIVER  AT  GOLCONDA,   NEVADA. 

gaging  station  at  Goiconda  is  located  near  the  great  northern 
f  Humboldt  River  and  below  the  central  valley.  It  is  about 
IS  above  the  mouth  of  Little  Humboldt  River.  The  station  was 
ihed  by  L.  H.  Taylor  October  24,  1894,  and  has  been  main- 
continuously  since  that  time.  It  is  lo^^atcd  IJ  miles  north  of 
¥n.  The  gage  is  vertical  and  spiked  to  posts  driven  into  the 
ik  of  the  river.  Bench  mark  No.  1  is  the  top  of  a  2  by  4  inch 
iven  flush  with  the  ground  surface  20  feet  from  the  gage,  and 
I  elevation  of  10.55  feet  above  gage  datum.  Bench  mark  No.  2 
op  of  a  large  spike  driven  into  a  post  which  is  set  firmly  into 
►und  about  15  feet  from  the  gage,  and  is  13.70  feet  above  gage 
Measurements  are  made  from  cable  and  suspended  car.  The 
ire  moderately  high,  but  liable  to  overflow  at  extreme  high 
The  bed  of  the  stream  is  of  gravel  and  sand,  somewhat  shifting, 
ults  of  measurements  may  be  found  as  follows:  1896,  Eighteenth 
[  Report,  Part  IV,  page  306;  1897,  Nineteenth  Annual  Report, 
V,  page  427;  1898,  Twentieth  Annual  Report,  Part  IV,  page 
The  following  measurements  were  made  by  L.  H.  Taylor  in 


April  29,  gage  height^  8.10  feet;  diBcharge,  2,157  second-feet. 
^^7  26,  gage  height,  7  feet;  diflcharge,  1,440  second-feet. 
Jane  30,  gage  height,  7.60  feet;  dischaiige,  1,767  second-feet. 
July  30,  gage  height,  6.30  feet;  discharge,  1,058  second-feet. 
Angost  25,  gage  height,  3.50  feet;  discharge,  316  second-feet 
September  28,  gage  height,  1.05  feet;  dischaige,  37  second-feet. 


»/y  goge  height. 

in  feet,  of  Humboldt  River  at  Goiconda 

,  Nevada,  for  1899. 
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-  HtmBOLDT   ttlVEK  AT  OEEAKA,  NBVADA. 

■  On  tho  lowc*r  i^oftchoii  of  this  river  tnea^urementa  have  been  m&de 
for  a  nuinbi^r  of  ye^rw  at  Ort^aiiii,  (infl  the  result*;  show  the  iimount  of 
wftti'i*  available  for  wtorngt^  at  the  posnible  reetervoir  sites  in  the  vk-ifl- 
ity  of  I Iumlx>ldt  Station,  mid  abo  fur  the  six  canal  systems  now  in 
opemtion  below  Oroana,  The  Htation^  established  by  L,  H,  Tayk 
JanuttiTT  ^7»  lS9t>^  18  located  H  miles  above  the  old  Ore&na  highwif 
bridi^%  13  miles  northeast  of  I^voloek,  and  alioveall  the  canals  divert- 
ing  water  in  the  vicinity  of  that  town.  The  ^ge  rod  is  an  indioed 
3  by  4  inch  pioc  timber,  spiked  to  posts  tbiven  well  into  the  bank  af 
the  river*  The  bench  mark  i^  a  10  by  10  inch  post  near  the  left  bank 
of  the  stream^  about  40  feet  from  the  gatre,  and  in  at  an  elevation  d 
10  feet  above  gage  datum.  The  station  is  provided  with  a  cable  inj 
car*  The  river  bunks  are  high  and  not  liable  to  overflow.  The  M 
of  the  river  is  sandy  and  shifting.  The  results  of  measmrements  imt 
be  found  as  follows:  181*6,  Eighteenth  Annual  Report,  Part  IV.  pi^ 
307;  1897,  Nineteenth  Annual  Eeport,  Fart  IV,  page  428;  im. 
Twentieth  Annual  Report,  Part  IV,  page  439.  The  following  nm^ 
urements  of  discharge  were  made  byL.  H,  Taylor  during  1899: 

June  29,  g»^  beigiit,  450  feet;  discliarg^j  l^Ool  secoDd-feeL 
AiiyiiBt  2,  guge  lidgbtj  3.60  feet;  diBcllaT^^  1,214  second-feet. 
Aug\)3^  ^^0,  gjig^^  height,  1.80  feet;  diischarge^  241  secpnd-feeL 
8€pteri*U*r  26,  gag€*  height,  L20fe€*t;  dis^jhaiigej  100  se<?ond-feet 
October  27,  gag©  h eighty  0.90  foot;  dischaige,  60  eefond-feet  ^ 

iMUy  gfiffe  hf^ght^  ifi/rti,  of  IfumMdi  Hiver  tit  (hrefniu^  Neiaffn,  for  l^K 
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TBUCKEE  RIVEK  AT  NEVADA-<^ALIFORNIA  STATE  LINE. 

Thifi»  river  has  its  source  on  the  slopes  of  the  Sierra  Nevada  in  east- 
m  California  and  flows  northward,  entering  Lake  Tahoc.  This  lake 
i  at  an  elevation  of  6,225  feet,  and  is  the  largest  body  of  fresh  water 
a  the  United  States  at  this  considerable  altitude.  The  area  of  the 
ike  itself  is  1!)3  square  miles.  As  the  State  line  between  Nevada 
nd  California  passes  through  the  lake,  a  portion  of  it  is  in  each  State. 
lie  outlet  of  the  lake  is  at  Tahoe,  California,  and  Truckee  River  from 
his  point  has  a  general  northward  course,  receiving  a  number  of 
nportant  tributaries  which  contribute  to  its  flow.  There  are  a  num- 
ler  of  lakes  at  the  head  waters  of  the  branch  streams,  which  have  been 
mreyed  and  recommended  as  reservoir  sites.  The  drainage  area  is 
upped  on  the  Pyramid  Peak,  Truckee,  Carson,  and  MarkleeviUe  atlas 
beets  of  the  United  States  Geological  Survey.  The  basin  is  now  par- 
Uly  included  in  the  Lake  Tahoc  Forest  Reserve,  set  apart  by  Exec- 
itive  proclamation  of  April  13,  1899.  September  7,  1899,  a  station 
VB8  established  on  this  river  by  L.  H.  Taylor,  at  the  State  line,  17 
niles  west  of  Reno,  Nevada.  The  gage  is  vertical,  driven  into  the 
Md  of  the  river  and  wired  to  a  granite  bowlder.  The  bench  mark  is 
lie  top  of  the  rock  to  which  the  rod  is  fastened,  and  is  at  an  elevation 
pi  10  feet  above  gage  datum.  The  channel  is  straight  for  a  short  dis- 
ante  above  and  below  the  station.  The  banks  are  not  liable  to  over- 
lew.  The  bed  of  the  river  is  of  gravel  and  cobbles  and  quite  stable. 
Dae  measurement  of  discharge  was  made  by  L.  H.  Taylor  on  Septem- 
ber 7, 1899,  when  at  a  gage  height  of  2  feet  a  discharge  of  303  second- 
feet  was  found. 

Ikdty  gage  height,  in  feet,  of  Truckee  River  at  Nevada-California  Slate  line,  for  1899, 
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TRUCKEE   RIVER  AT  VISTA,  NEVADA. 

On  the  lower  courses  of  this  river  are  located  considerable  stretches 
^'  irrigable  land,  which,  however,  have  not  yet  been  developed  to 
Hieir  fullest  extent.    The  drainage  basin  is  peculiac  in  tbflA>  Ita  ti^msl- 
ibbSS 3 
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raiiif  mn  1  crlliM'ting  ai^ea  is  loimted  ia  the  State  of  Calif  omm,  whilt*  the 
landK  which  lao  he  irrigat^Kl  are  situated  in  Nevada,     This  mar  lead 
in  llir  futiin^  to  certain  legal  diffieulties*  but  not  to  the  extent  that  it 
would  if  there  were  aj^rieultuml  landii  in  both  States.     Truckee  Siv^r 
afti^r  entering  Ncvathi  flows  in  a  tjeneiul  ea^terl}^  and  then  northerlr 
direction^  omptring  into  Pyramid  Lake.     The  drainage  area  is  mapped 
on  the  fallowing  atla;*  sheets  of  the  United  States  Geological  Survey; 
Pyramid  Peak,  Truekee,  Marklecvilie,  Carson,  Keno^  and  Wadswortlt 
The  a^tation  at  Vista,  Nevada,  wa^  established  August  IS*  1899,  by  L*  E 
Taylor,  and  m  loeated  7  mUes  eaist  of  Reno,  near  the  point  wbef? 
measuremeat^  were  made  in  ISiK*,  1891,  and  1892,  the  results  of  whkh 
are  shown  in  the  Thirteenth  Annual  Report,  Part  III,  page  95.    He 
rod  18  spiked  to  pmU  driven  into  the  bed  of  the  river.     The  bench 
mark  is  on  a  bluff  of  rmks  bW  feet  cast  of  the  gage,  and  is  at  an  eleva- 
tion of  17»dO  feet  atx»re  gage  datum.     Both  banks  are  high  and  not  j 
liable  to  overflow.     The  lied  is  rocky  and  not  subjei't  to  change.    Three  1 
diUhea diverting  water  from  Truckee  River  above  Reno  were  measumi  I 
by  L,  H.  Taylor  on  September  4,  1899,  with  the  following  results:  | 
Highland  diteh^  6  mile.s  above  Reno,  4  miles  lielow  the  head  of  ditch,  ' 
di?<charge  lilT  second-feet;  May  bury  ditch  at  flume  across  Huoter 
Creek,  1  mile  below  head  of  ditch  and  5  miles  west  of  Reno,  discharge 
47  se<'ond-feet ;  Orr  ditch  at  stone  culvert  under  Southern  Pftcife ' 
liailroad,  1  mile  tjelow  head  of  ditch,  discharge  4^  second- feet.    Two 
measurements  of  discharge  were  made  by  L.  H.  Taylor  during  1839, 
iLs  foUow.s:  The  first,  mi  September  5,  at  a  gage  height  of  ii  feet,  ^ho^ted 
11  ( li  s*^  ha  rgc  of  1 0.7  sc  e<  >  n  d  -  f  e  e  t ;  the  soc  <m  <l  ni  e  as  u  re  m  e  o  t ,  o  n  Oc  to  lye  r  l^J?< 
at  u  gago  height  of  2.75  feet,  gavi*  a  discharge  of  477  second *feet 

Dail\f  gage  height^  in  feet,  of  Tntrttf  Rir^r  ni  lliittj^  y*nt(itt,  for  IS^9. 
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BEAR    RIVEH    AT   BATTLKCREEK,  IDAHO. 

This  river  ha.s  its  source  <»n  thi^  northern  .slope  of  the  Uinta  Mihiii- 
tainy*  in  the  northea?stcrn  part  of  Utah,  It^^  general  course  i-*  north 
erh\  entering  Wyoming  at  the  southwestern  corner  of  the  8tate,    1^ 
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ly  afterwards  swinpfs  back  into  Utah  a^in  and  then  reenters 
ning.  After  its  junction  with  Smiths  Fork  it  swings  to  the 
^ard  again,  leaves  Wyoming  for  the  last  time,  and  enters  Idaho, 
(ty-eight  miles  below  the  outlet  of  Bear  Liake  the  river  makes 
Iden  heod  to  the  south,  and  its  course  is  thence  southerly,  reen- 
r  Utah  and  finally  discharging  its  waters  into  Great  Salt  Lake. 
5  are  a  number  of  reservoir  sites  in  its  upper  basin,  which  have 
however,  been  examined  in  detail.  Considerable  irrigation  is 
iced,  commencing  at  a  point  where  the  river  first  enters  Wyo- 
and  thence  extending  downstream  to  the  outlet  of  Bear  Lake, 
e  present  time  all  of  the  low-water  flow  is  thus  utilized,  result- 
n  a  scarcity  during  the  latter  part  of  the  irrigation  season. 
Lake  acts  as  a  regulator  to  the  discharge  of  the  portion  of 
iver  below  it.  The  lake  itself  is  one  of  the  finest  natural  reser- 
jites  in  the  eountr>^  and  could  be  utilized  with  small  expense, 
it  has  not  been  utilized  before  this  is  due  to  the  abundant  water 
y  of  the  lands  below.  The  agricultural  lands  in  Idaho  adjacent 
8  river  are  of  small  extent,  and  at  the  present  time  little  water  is 
ted;  nor  does  it  receive  a  large  additional  supply  in  this  State, 
>t  in  times  of  flood  discharges.  The  gaging  station  at  Battle- 
was  established  on  October  11,  1889,  and  is  located  about  10 
north  of  the  Utah-Idaho  boundary  line.  The  measurements 
the  amount  of  water  of  this  river  available  for  irrigation  pur- 
in  Cache  Valley,  Utah.  The  gage  consisted  of  a  vertical  board 
1  to  a  pile.  This  was  carried  away  June  30,  1899,  but  was 
ced  on  August  4  by  a  wire  and  weight,  readings  being  made 
lorizontal  scale.  The  bench  mark  for  the  old  gage  is  described  in 
ir-Supply  Paper  No.  16,  page  157.  It  was  a  nail  in  the  southeast 
r  of  a  house  near  the  gage,  about  1.6  feet  from  the  ground 
L0.95  feet  above  gage  datum.  The  Iwnch  mark  for  the  present 
is  a  mark  of  black  paint  on  the  top  of  a  log  projecting  from 
^utheast  comer  of  the  ob8er\^ers  house,  about  2  feet  above  the 
ce  of  the  ground  and  11.118  feet  above  gage  datum.  The  station 
lipped  with  a  cable  and  car.  The  results  of  measurements  may 
und  as  follows:  1896,  Eighteenth  Annual  Report,  Part  IV,  page 
1897,  Nineteenth  Annual  Report,  Part  IV,  page  432;  1898, 
itieth  Annual  Report,  Part  IV,  page  459.  The  following  meas- 
ents  of  discharge  were  made  bv  J.  S.  Baker  and  G.  L.  Swendsen 
g  1899: 

March  28,  gage  height,  1.75  feet;  discharge,  773  second-feet. 
May  8,  gage  height,  3.25  feet;  dischaiige,  2,376  second-feet. 
July  3,  gage  out;  discharge,  4,781  second-feet. 
August  4,  gage  height,  3.01  feet;  dischai^ge,  1,732  second-feet 
December  4,  gage  height,  2.21  feet;  diachaiige,  1,312  seoond-feet. 
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IX>GAN    HITEB  AT  LOGAKj  UTAH, 


This  river  rises  in  the  elevated  region  west  of  Bear  Lake  and  flow* 
in  li  ^enenil  .south westerly  direction  until  it  i^nten^  (^lulie  Val!(^}\ 
when  it  bends  northward  and  enters  Bear  River  hefori'  this  stream 
reaches  its  lower  canyon.  Logan  River  has  a  good  water  supply,  and 
as  soon  as  it  appears  from  its  canyon  a  ninnber  of  canals  divert  it- 
waters  for  the  irrigation  of  a  large  portion  of  Cache  Valley.  The 
stiition  on  Logan  River  was  established  June  1,  189(),  and  is  located  in 
the  river  canyon  about  2  miles  ea.st  of  Logan,  Utah.  One  gjiire  i? 
a  vertical  iron  post,  set  firmly  in  the  middle  of  the  river's  bed  and 
graduated  to  feet  and  tenths.  A  second  gage  rod  is  a  wooden  post 
driven  into  the  ground  near  the  north  bank  of  the  river.  The  beiieb 
mark  for  both  rods  is  a  stone  35  feet  northeast  of  the  end  of  the  rablo 
on  the  north  side  of  the  river,  and  is  at  an  elevation  of  14.01  feet 
above  gage  datum.  It  is  marked  by  a  cross  chiseled  on  the  roek  and 
b}^  the  letters  *'  B.  M."  in  red  paint.  The  equipment  consists  of  ti  e^iWo 
and  car.  The  results  of  measurements  may  be  found  as  follow-^: 
1896,  Eighteenth  Annual  Report,  Part  FV^  page  316;  1897,  Nineteenth 
Annual  Report,  Part  IV,  page  434;  1898,  Twentieth  Annual  Kep'Vt- 
Part  IV,  page  462.  The  following  discharge  measurements  were 
made  by  J.  S.  Baker  and  G.  L.  Swendsen  during  I89i>: 
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Discharge  tneasuremenis  of  Logan  Rirer  ai  Logan^  llah, 

1899. 
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Daily  gage  height y  in  feei^  of  Logan  River  at  Logan ^    Vtahy  for  1S99. 
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BEAR   RIVER   AT  COLLIN8TON,    UTAH. 

After  entering  the  northern  end  of  Cache  Valley  this  river  receives  a 
unberof  important  tributaries,  viz.  Cub  Creek,  Logan  River,  Black- 
lith  Fork,  and  Little  Bear  River.  Below  the  mouth  of  Logan  River, 
3ar  River  has  cut  through  the  northern  extension  of  the  Wasatch 
iinge,  forming  what  is  known  as  its  lower  canyon.  On  its  appearance 
om  this  it  turns  southerly  and  enters  Great  Salt  Lake.  A  large  canal 
18  in  process  of  construction  during  1899,  and  next  year  a  consider- 
>Ie  portion  of  the  summer  flow  of  Bear  River  will  be  diverted  by  it 
irrigate  lands  on  the  west  side  of  Cache  Valley.  One  of  the  most 
►table  irrigation  enterprises  of  the  country  diverts  water  from  Bear 
ver  in  the  lower  canyon  and  irrigates  land  principally  to  the  west- 
ird  of  Malade  River,  the  lowest  of  the  important  tributaries  of  Bear 
Ver.  The  gaging  station  at  CoUinston  was  established  in  July,  1889, 
d  is  located  about  4  miles  from  the  railroad  station  at  CoUinston,  2 
^es  east  of  the  town  of  Fielding,  Utah,  and  below  the  headworks  of 
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the  Bear  River  caitat*     The  gage  consists  of  a  vertical  iron  rod  gradu 

■alad  to  tenths  of  n  UhA.     The  bench  mark  i^  a  nail  in  an  oak  post  20 

weit  of  the  gag^  and  ^  feet  north  of  the  cable,  and  is  at  an  elfr 

WtJoQ  of  'I.B&  fec^t  ftlx^ve  gagt^  datum*     The  equipment  coDi^ists  of 

m  cabli',  tagged  wire,  and  a  boat     TTie  observer  \h  generally  the  ditd) 

I  rider  of  the  Bear  River  Claual  tkunjmny,  who  hMs  a  hou&e  n^arthe 

I  station*     The  results  of  nieasureiuents  may  be  found  a^  follows :  18^ 

1  Eighteenth  iVnniml  Report,  Part   IV,   pige  3^;    18&7,    Nineteenti 

j  Antunil  Itepi>rt,  Part  IV,  page  435;  1898,  Twentieth  Annual  Keix>rt. 

Part  IV,  page  itK)*     The  following  measurements  of  discbaffe  were 

[  made  during  1899 : 

M»y  5,  gttge  height,  4  feet;  diuchai^g**,  4.438  leeeonfl-feet. 
June  Zit  g»^  height,  6.60  feet;  cUschar^,  0,653  e;e4.*ood-ff!«t. 
Jiily  14^  gigis  htdghU  4.61  feet;  dinchafge,  4,819  i^eeoDd-feeU 
Noveroln*r  29,  gag«)  beightp  2,40  feet;  dischange,  2,0&i  E«^^iid-leet 
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iKiUKK    iilVEH    AT   CMlDKN',    VT.Ml. 

This  river  rises  in  the  high  land  to  the  east  of  the  Wasatch  Range  ami 
flows  in  a  geneml  southerly  direction.  Passing  throutrh  the  WastiUh 
Mountains  in  a  picturesque  canyon,  and  appearing  on  the  plains  in  the 
vicinity  of  Ogden,  it  shortly  enters  Weber  River,  and  thus  tind^  it^ 
way  into  Great  Salt  Lake.  The  present  stjition  was  established  in  the 
spring  of  1897,  and  is  located  at  the  old  powder  mill  in  the  canyon,  0 
miles  east  of  Ogden  and  about  5  miles  below  the  headworks  of  the 
Pioneer  Electric  Power  Company;  therefore  the  results  do  not  show 
the  amount  of  water  used  by  that  company.     The  gage  is  inclineil  aud 
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rided  into  tenths  of  a  foot  On  June  82  the  dam  below  the  gage 
18  washed  out  and  the  daily  readings  were  not  oontinaed  after  that 
te.  On  June  30, 1899,  the  gage  itself  was  carried  away,  but  was 
established  on  August  26.  The  bench  mark  of  the  new  gage  is  the 
p  of  a  large  quartzite  bowlder  on  the  south  side  of  the  wagon  road, 
Kmt  60  feet  southwest  of  the  south  end  of  the  cable,  and  is  at  an  ele- 
ition  of  12.642  feet  above  gage  datum.  The  results  of  measurements 
ay  be  found  as  follows:  1896,  Eighteenth  Annual  Report,  P^rt  IV, 
ftge  321;  1897,  Nineteenth  Annual  Report,  Part  IV,  page  437;  1898, 
Wentieth  Annual  Report,  Part  IV,  page  465.  The  following  niea^- 
rements  of  discharge  were  made  by  W.  B.  Dougall  and  J.  S.  Baker 
1 1899: 

^^y  ^t  fiW^  height,  1.70  feet;  discharge,  1,008  i«ec*ond-feet. ' 

May  4,  gage  height,  1.25  feet;  discharKe,  833  seoond-feet. 

June  30,  gage  out;  discharge,  396  second-feet. 

July  12,  gage  height,  2.38  feet;  dischaige,  221  second-feet. 

August  26,  gage  height,  1.25  feet;  dischaige,  72  second-feet. 

Daily  H^ige  height,  in  feet,  of  Ogde/t  River  at  (/gden,  Utah,  for  1899, 
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Dam  below  washed  out  June  22. 


WEBEK  RIYEB  AT   UINTA,    UTAH. 


This  river,  like  Ogden  River,  rises  in  the  hij^h  country  east  of  the 
iTasatch  Mountains,  passes  through  this  range,  and  appears  in  the 
lains  region  in  the  vicinity  of  Ogden,  where,  after  it  receives  the 
Bters  of  Ogden  River,  it  discharges  into  Great  Salt  Lake.  There  are 
number  of  good  reservoir  sites  on  its  upper  tributaries,  and  within 
le  last  few  years  some  of  them  have  been  utilized  by  the  construction 
f  notable  storage  works.  The  gaging  station,  established  in  October, 
399,  is  located  in  the  canyon  5  miles  east  of  Uinta,  on  the  Union 
Hci&c  Railroad,  immediately  a}x)ve  the  narrows  known  as  Devils 
ate.  The  gage  is  vertical,  and  is  supported  from  above  by  a  pro- 
moting timber  placed  out  of  reach  of  high  water.  The  bench  mark 
>n8ist8  of  a  spike  driven  into  the  first  telegraph  pole  in  the  canyon 
3ove  the  gage,  and  is  at  an  elevation  of  17.44  feet  above  gage 


I  At  old  powtlcr-mill  dam. 
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atom.    The  equiprnent  coni^btHiif  a  cable,  car^  and  tagg^ed  wire,   Tki 
tttdtit  of  m^*a8iir*»nient#*  timy  \m  tound  m  follows;  1$M,  Eighte^tA 
bBnual  Report »  Pan  IV;  fmgt^  324;  1»1#7,  Nineteen  Qth  Annual  lUpoa 
•^H  IV,  page  440:  1HV*8,  Twentieth  Anniml  Iteport,  Part  IV,  pag? 
06.    Th4^^  followin|^  nMoisiircfmeBts  of  di^^hargv^  were  made  by  W*  Ej 
loon^l  and  J,  S,  Bakc^r  during  18»&: 

lEay  3,  ipge  be%ht,  S.20  feet;  ducbar^^  1,857  s^eoaid-feei 

B^^y  ^  0V>  height,  3,30  feet;  dtseharip?,  1, 9m  set^nd-ieet 
July  1,  gi«0  Itditit,  4,10  f^l;  di^ctiafgv,  2,5^1'  E^emnd-feet 
July  10»  g*e^  hdght*  2.80  feet;  diacli&rge^  l,23i^  mcoDd-forC 

i)a»iif  fjt^  heighi^  m/Mt,  of  W^mst  Bum-  tU  mntu,  lMah,/iiT  ISSfB. 
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I'ROVO    HIVEH    AT    rilOVO.    LTAli, 

Thi8  river  ns<?s  on  tlin  western  i^lope  of  the  I'intn  Mountain- iii^^ 
after  receiving  ii  nuniher  of  tributaries  enters  what  is  known  as  lleber 
Vallev,  where  eonsiderable   irrigation  is  practiced.     After  crossini-' 
this  valley  it  passes  through  the  AVasatch  Mountains  in  a  pirturesquo 
canyon,  finally  entering  Utah  Valley,  where  its  summer  flow  is  com- 
pletely diverted  for  irrigation  purposes.     Its  flood  waters  discharge 
into  Utah  Lake.     The  gaging  station,  I'stahlishcd  rluly  27,  188t*,  i? 
located  in  the  canyon,  al)out  (\  luiles  from  Provo  and  above  tho  head 
of  most  of  the  irrigi\tion  canals  of  Utah  Valley.     Tin*  diversion  works 
of  the  company  which  develop  power  at  the  mouth  of  Provo  Canyon 
for  electric  ti*ansmission  to  the  mines  west  of  Provo,  are  located  about  5 
miles  above  the  station.     The  gage  is  inclined  and  fastcni'd  to  stake- 
set  in  the  ground.     The  bench  mark  is  a  stone  firmly   bedded  in  the 
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:  near  the  wa^n  road,  about  100  feet  southwest  of  the  gage.  It 
irked  "B.  M."  in  bhick  paint,  and  is  6.96  feet  above  gage  datum, 
ohannel  is  straight  for  some  distance  above  and  below  the  station, 
bed  of  the  river  is  gravel  and  not  liable  to  change.  The  equip- 
>  consists  of  a  cable,  car,  and  tagged  wire.  The  results  of  meas- 
lents  may  be  found  as  follows:  1896,  Eighteenth  Annual  Report, 
IV,  page  226;  1897,  Nineteenth  Annual  Report,  P^rt  IV,  page 
1898,  Twentieth  Annual  Report,  Part  IV,  page  -ydS.  The  foUow- 
neasurements  of  discharge  were  made  by  W.  B.  Dougall  and  J.  S. 
\T  in  1899 : 


^^y  ^f  gage  height,  4.70  feet;  discharge,  496  second-feet. 
June  29,  gage  height,  6.70  feet;  dischax^ge,  1,745  second-feet. 
July  13,  gage  height,  5.22  feet;  discharge,  535  second-feet. 
August  16,  gage  height,  4.69  feet;  discharge,  340  second-feet. 
September  4,  gage  height,  4.60  feet;  discharge,  352  second-feet 


k 


iJftiif/  gage  height,  in/e*i,  0/  /Vo?'o  Rirer  at  Proro^  I'tah^  for  1899. 
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a  No  reading.       Station  dl«rontinuo<l  October  21. 
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lis  fresh-water  lake  reoeivos  tho  .*<urplus  waters  and  seepage  of  a 
ber  of  streams  that  receive  their  water  supply  from  the  Wasatch 
Dtains,  the  principal  one.s  l)eing  Currant  Creek,  Spanish  Fork, 
>le  Creek,  Provo  River,  and  American  Fork.  The  ordinary  flow 
lese  streams  is  diverted,  on  their  appearance  from  their  canyons, 
rigate  the  lands  of  Utah  Valley.  A  gaging  station  has  been 
bained  on  Provo  River,  as  described  on  page  338  of  this  report 
tnber  of  miscellaneous  measurements  were  made  during  1899  oa 


^Uke  other  tributaries  m  well  as  on  the  canals  diverting  water  fn 

Hpttie  during  the  lai^t  ftmmn.     Oo  May  11  Spanmh  Fork,  at  the 

bridge  in  the  tTin^on,  wa^  dischargfiog ^79  second-feet;. May  10, 1 

Creek,  at  the  ^etH>nd  liridge  in  the  canyon,  above  SpringviUe,  ii 

charging  Mi  second-feet:  jVmerican  Fork,  on  May  9,  was  ca 

sf^cond-ff*i*t.,  with  a  gage  height  o{  0.1  foot,  on  a  temporar 

etbli&hed  that  day.     The  foUowuig  table  aihows  the  dii$char| 

nttmber  of  i^naln  In  Utah  County  a^  determined  by  -L  S,  Bakei 
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Discharge  of  canals  in  Utah  County,  Ctah — Continued. 
189»— Continued. 


mte. 

Stream. 

Source. 

Discharge. 

Remarkfl. 

Sec-feet, 

«C-    22 

East  Bench  canal . . . 

Spanish  Fork 

28.19 

«.    22 

Lake  Shore  canal . . . 

Spanish  Fork 

12.43 

«.    22 

Salem  Pond  canal . . . 

Low  springs 

4.99 

Ig.    23 

Summit  Creek 

Mountain  springH.. 

14.64 

Ig.    23 

Spring  Lake  Creek. . 

Low  springs 

2.89 

«.    25 

Amencan  Fork  ca- 
nal. 

Amencan  Fork 

28.85 

Ig.    25 
ig.    25 

Lehi  canal 

American  Fork 

American  Fork 

17.82 
10.71 

Pleasant  Grove  canal 

Note.— All  mcasuremenLs  were  made  by  current  meter  unlesu  otherwise  stated. 

station  has  been  maintained  on  Utah  Lake  at  Geneva,  wnere 
been  recorded  the  rise  and  fall  of  the  water  surface  since  Novem- 
6,  1896.     The  gage   consists  of  a  vertical  rod  attached  to  one 

of  a  bath  house  at  that  point.  The  bench  mark  of  the  lake 
missioners,  a  sandstone  monument  at  the  edge  of  the  bluff  oppo- 
the  south  end  of  the  pavilion,  is  18.644  feet  above  gage  datum, 
;h  was  placed  4  feet  below  compromise  point  The  results  of 
iirations  at  this  station  will  be  found  as  follows:  1896,  Eighteenth 
lual  Report,  Part  IV,  page  330;  1897,  Nineteenth  Annual  Report, 
b  IV,  page  443;  1898,  Twentieth  Annual  Report,  Part  IV,  page  467. 

Daily  gage  Iteight,  in  feet,  of  Hah  Lake  at  (ienera,  Utah,  for  1899. 
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Station  difloontinued  October  14. 


JOE0AN   BJTEB* 

Utaii  Ijftke  di^chargDK  toward  the  north  through  Jordan  River, 
«tnptic!S  into  Great  Suit  Lake.  A  number  of  large  canak  divert  1 
>Wat«t*$  of  this*  stream  aad  supply  lands  in  Salt  Lake  Conntj,  od?  i 
thf^tii  taking  water  to  Salt  Lake  City,  Mea^uremc^nt^  of  tie  flowc 
Jordan  E^ver  and  the  aiuouiit  diverted  into  the  canals  have  not  bed 
iliade  aystcniatieivlly ,  owing  largely  to  eonsservatism  or  di^trtu^t.  Wm 
the  hydrogmphic  inve«tigatiane  were  begun  in  1889,  an  attempts 
made  on  behalf  of  the  OiKjJogical  Sun^ey  to  secure  cooperation,  or  ill 
least  the  Hynipathy  of  the  persons  interevSted,  but  there  appeared  toU 
B  j*entirnerit  against  obtaining  records  of  this"  character,  due  possibly  ti 
the  fear  that  private  intenast^^  might  be  injured.  There  wm  a  [icl| 
agreement  at  l^mst  that,  it  was  better  not  to  meddle  with  the  systems  Hj 
vogue.  Even  ten  years  later,  when  attempts  were  made  by  the  d^ 
engineer  to  obtain  weir  measurenicnta  of  the  canals^  these  were  oppo^i^ 
and  the  weirs  destroyed.  The  conditions,  however,  have  become  sfl 
onerous  that  a  private  corporation  has  taken  upon  itself  the  mea<*ar^ 
inent  of  the  river,  systematic  observations  being  begun  in  May,  IS^ft 

The  plant  of  the  Salt  Lake  City  Water  and  Electrical  Power  Cofli^ 
pany  was  completed  in  1891),  and  Ls  developing  electric  power  wbki 
ia  used  in  the  mining  camps  of  Bingham  and  Mercur,  L^tah.  Theplaul 
is  located  on  Jordan  River,  about  ^20  miles  south  of  Salt  IjakeCityanJ 
9  miles  below  the  outlet  of  Utah  Lake.  Thia  water- power  compuij 
ha^  been  kecpiii*^^  it  nN-ordof  the  discharge  of  Jordan  River  and  of  thf 
various  canals  diverting  water  immediately  above,  but  on  account  oi 
pending  lawsuits  the  data  are  not  at  present  availal)le.  Tho  wat€i 
necessary  to  develop  the  power  of  this  plant  is  diverted  from  Utal 
and  Salt  Lake  canal,  which  heads  about  2  miles  above  the  plant,  at  whai 
is  known  as  the  Point  of  the  Mountain.  It  is  taken  from  tho  west 
side  of  the  river,  at  the  same  diversion  point  where  the  Kast  florJar 
canal  diverts  water  to  the  east  side.  When  the  power  house  is  roachiHi 
an  elevation  of  about  73  feet  al)ove  the  river  has  been  attained  hv  l)otl 
canals,  and  this  is  the  fall  that  is  at  present  utilized.  Halfway  )>et^YeeI 
the  above-described  dam  and  the  power  house  there  is  a  second  dan 
across  the  river,  from  which  two  canals  divert  water — the  City  caiia 
on  the  east  side  and  the  South  Jordan  canal  on  the  west  sid«\  At  th< 
powxr  plant,  1  mile  below,  these  two  canals  have  attaiiunl  elevation 
of  about  20  feet  above  the  river.  On  December  (),  18iH».  measure 
ments  of  the  discharge  of  these  canals,  as  well  as  of  Jordan  River,  wer 
made  by  Cyrus  C.  Babb  at  the  gaging  stations  of  the  Salt  Lake  Cit; 
Water  and  Electrical  Power  Company.  Utah  and  Salt  Lake  cana 
below  the  power  company's  diversion,  at  a  gage  height  of  2.4«>  feet 
was  discharging  27  second-feet;  Utah  and  Salt  Lake  canal,  aixn  e  th 
power  company's  diversion,  at  a  gage  height  of  4.13  feet,  wa5>  Ji* 
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barging  80  socond-feet;  the  South  Jordan  c^anal,  at  a  gag^  height  of 
83  feet,  was  discharging  19  second-feet;  Jordan  canal,  at  a  gage 
BJght  of  4.15  feet,  was  carrying  111  second-feet;  City  canal,  at  a  gage 
right  of  3.20  feet,  was  discharging  45  second-feet;  E^t  Jordan  canal, 
itib  a  gage  height  of  1.02  feet,  was  discharging  6  second-feet.  A 
leasurement  was  also  made  of  the  tailrace  of  the  power  plant,  in  order 
I  compare  it  with  the  difference  in  the  two  measurements  of  Utah  and 
dt  Lake  canal,  and  a  discharge  of  56  second-feet  was  found. 
The  city  engineer  of  Salt  Lake  City,  Mr.  Frank  C.  Kelsey,  has  been 
Beping  a  record  of  the  discharge  of  various  small  streams  in  the 
idnity  of  Salt  Lake  City,  in  connection  with  the  city  water  supply. 
he  following  arc  the  creeks,  with  the  drainage  areas  in  their  respective 
inyons:  Little  Cottonwood  Creek,  27.72  square  miles;  Big  Cotton- 
ood  Creek,  48.47  square  miles;  Mill  Creek,  21.29  square  miles;  Par- 
J8  Creek,  50.14  square  miles;  Emigration  Creek,  18.92  square  miles; 
ed  Butte  Creek,  11.59  square  miles;  City  Creek,  19.15  square  miles. 
On  Little  Cottonwood  Creek  measurements  are  taken  twice  a  day 
E  the  height  of  water  passing  over  a  Cippoletti  weir  18  feet  long. 
he  record  is  from  November  11, 1898,  to  May  20, 1899.  At  this  latter 
ite  the  weir  was  washed  out  by  a  flood  and  funds  could  not  be  pro- 
ned  to  replace  it. 

The  station  on  Big  Cottonwood  Creek  is  placed  below  the  Utah 
ower  Company's  building.  A  record  was  conunenoed  on  October 
1, 1898,  the  measurements  being  taken  over  a  rectangular  weir  16 
let  long. 

The  measurements  on  Mill  Creek  were  started  September  8,  1898, 
id  are  made  over  a  Cippoletti  weir  placed  in  the  canyon.  April  10, 
389,  this  weir  was  removed  by  the  water  master  of  the  district,  but 
M  replaced  on  the  80th  of  the  same  month. 

There  is  an  interesting  double  Cippoletti  weir  on  Parleys  Creek, 
hich  is  so  controlled  that  the  entire  weir  can  be  lifted,  allowing  the 
tavel  and  deposit  from  above  to  be  washed  out  from  time  to  time. 
lie  records  from  this'  point  are  fragmentary  and  were  not  obtained 
9  this  office. 

ttSy  mean  di^harge,  in  wcond-feti,  of  Little  Cottonwood  Creek  near  Salt  Lake  CUy,  Vlahy 
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mly  mtfon  fUtt^wtr^^  in  9irond-feii,  of  Mill  Creek  i»rtir  Sail  I/ike  CUy^  T'laA,  far  1898. 
[Dndncge  area,  21.29  nqnare  mileit.] 
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April  10  weir  romoTed  by  water  master:  replaced  April  30. 


(iREAT   SALT    LAKE. 

Streams  that  contribute  water  to  this  lake  havo  their  sources  in  the 
asateh  Mountains.  The  lake  is  very  shallow,  not  aveniging  20 
%  while  the  deepest  point  is  only  60  feet.  The  western  and  east- 
fi  shores  slope  very  gradually,  and  the  fall  of  a  foot  will  expose  man}' 
Hare  miles,  while  a  rise  of  6  feet  would  cover  nearly  one-tenth  more 
ia.  At  ordinary  stages  the  area  of  the  lake  itself  is  about  2,280  square 
les.  A  record  of  the  fluctuations  of  the  surface  has  been  maintained 
ice  1875,  and  they  are  published  below,  referred  to  Grarfield  Beach 
B[8.  The  table  published  in  the  Thirteenth  Annual  Report,  Part  111, 
^  20,  refers  to  the  shore  gage,  which  datum  is  4.6  feet  above  Grar- 
Id  Beach  gage.  A  further  description  of  the  fluctuations  of  this 
:e  will  be  found  in  Monograph  I  of  the  United  States  (Geological 
rvey^  entitled  L$ke  JBoimeviUe,  by  O.  K.  GVi\)eT^VBjeQ&'iai&Vo'^»^. 
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SNAKE  RIVER  AT  GROVANT,  WYOMING. 

This  riyer  rises  on  the  southern  slope  of  the  Continental  Divide,  in 
e  Yellowstone  National  Park,  draining  the  country  west  and  south- 
B0t  of  Yellowstone  Lake.  From  Shoshone,  Lewes,  and  Heart  lakes, 
mr  its  head,  the  river  flows  in  a  southerly  direction  through  a  tim- 
ired  and  mountainous  country,  resulting  in  a  long  period  of  high 
iter.  After  continuing  through  this  area  for  about  20  miles  it  broad- 
18  into  Jackson  Lake,  a  deep  body  of  water  about  3  miles  wide  and 
miles  long.  Below  the  lake  the  river  flows  through  Jackson  Hole 
alley — about  40  miles  long  and  8  miles  wide — and  then  enters  a  long 
nyon  near  the  Idaho- Wyoming  line.  All  of  the  large  tributaries 
«ne  from  the  east,  receiving  their  waters  from  the  Wind  River  Range, 
ae  west  side  of  the  valley  is  bounded  by  the  high  Teton  Mountains, 
om  which  most  of  the  drainage  flows  westward  through  Teton  River 
to  North  Fork  of  Snake  River. 

This  area  has  been  mapped  in  part  by  T.  M.  Bannon,  who  states  that 
lout  8,000  acres  can  be  irrigated  in  Jackson  Hole  Valley.  To  do  this 
Dl  necessitate  the  construction  of  five  or  six  canals,  owing  to  the 
irition  of  the  agricultural  lands.  The  small  area  now  irrigated  is 
■tered  by  ditches,  usually  constructed  by  individuals  and  at  little  cost 
syond  the  labor.  Cultivation  is  confined  to  small  gardens  and  forage 
type,  the  latter  for  winter  feed  of  the  stock  that  range  in  the  country 
uring  the  summer  season.  During  the  winter  the  snow  is  so  deep 
nt  the  cattle  must  be  fed  for  from  three  to  five  months. 
The  river  station  at  Grovant  was  established  April  2, 1899,  by  T.  M. 
unon,  at  Menors  Ferry,  the  location  being  shown  on  the  Grand 
Qton  atlas  sheet.  A  bench  mark  is  located  near  Mr.  Menor's  house, 
est  of  the  gage  rod.  The  elevation  of  the  bench  mark  is  6,457.864 
Kt  above  sea  level.  The  5-foot  mark  on  the  gage  rod  is  at  an  eleva- 
on  of  6,448.483  feet.  The  channel  above  and  below  the  ferry  is 
saight  and  the  bank  sufficiently  high  to  confine  flood  waters,  this 
ring  about  the  only  place  of  this  kind  in  the  valley.  The  bed  of  the 
a^am  is  of  gravel.  The  place  is  most  readily  reached  by  hired  con- 
eyance  from  St.  Anthony,  Idaho.  The  road  crosses  the  North  Fork 
f  Snake  River  and  the  Teton  River  at  the  lower  end  of  Teton  Basin, 
[easurements  can  readily  be  made  at  these  localities,  particularly  at 
16  latter,  where  there  is  a  stage  station. 
No  measurements  of  discharge  were  made  at  this  point  during  1899. 
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POttTNKUF   BIVER   AT  POCATEI.LO,    IDAHO. 

This  river  is  a  tributary  of  Snake  River,  and  rise^^  in  southetL^t^ni 
Idato^  its  headwater  tributaries  draining  the  area  iinmediately  west^f 
tliosi'  of  BhukfnoC  Rh  ur.  Its  l^isin  is  iiliuost  wturlly  includt^d  withiti 
the  Fort  IImII  liidiiui  KesLTvutioii.  Theiv  is  littlt'  ajTriniUiinil  coiiiitrj 
aloiij^^  its  otmrse  until  Poeiittdlo  i.^  reat*h*^d,  ^vht*iv  th<^  vnlley  liroaderii 
t*i  a  rorisitlrnihlo  pxrent.  This  river  will  prohiihly  not  he  develojtfd 
for  irrii^'titinn  purpose.s  liy  privnte  I'lipital  until  tin-  reservation  i? 
th  rown  <)i>en  for  settlenie  n  t ,  Thi-  ^^  agi  1 1^**  ^tatioi  i  at  Ptwatolh  j  wtLs  o^ta'^ 
lisht^I  ^Itiy  s,  1S97,  and  U  hx'stted  at  the  wngon  bridire  <ine-eitrhth  ofn 
luile  Ik  daw  the  plant  of  the  l^u-atelh)  Kleetrii'  P<jwer  (.\»n)piiTiv.  IV 
rod  is  vertieal  itud  is  seeiirely  spiked  tt>  I  he  west  aliutnient  *if  ibt' 
bridg^^  The  beneli  mark  is  a  spike  driven  into  thi^  end  uf  a  hii^oiitb'^ 
east  ahutnn*iU  nf  the  hridt^^e,  and  is  cippo.site  the  1 8- foot  iimrk,  1^*^ 
channel  aluni^  the  station  is  curved,  while  helow  it  is  straight.  Thf 
right  hank  is  high,  but  the  left  is  liabf(*  tc^  overlhiw  a(  w  P2-f<>nt  j^'Hi?' 
height.  Tlie  lied  of  the  stream  y  rocky.  The  results  <.*f  niFa^u^'''^ 
mcnts  may  be  found  as  follows:  1897-08,  Twentieth  Annual  Rejwrt. 
Pa  rt  I V ,  ]  jage  4  T  4 .  The  f  f >I  1  o  vv  i  n  g  d  i  st  ^h  a  r^e  n  n » a  s  u  re  m  e  n  ts  we  r^^  nm 
by  F.  S.  Shirley  and  K.  S,  Dils  during  lHl>ih 

March  30,  gage  height,  8  feet;  (liJ^chai^^  3G8  Hecoiid-f©Pt. 
May  22,  ga^  height,  11 10  fret;  (ii^r'liar>:t^  014  serand-feet. 
Jiine  25j  gUjje  height,  8.90  feet;  tlin^hargt^  558  RH.Hjnd-feet. 
July  2Sj  gag<L>  height f  7  fot?l;  liit^charge,  123  weuond-lWt. 
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Daily  ffoge  heiglU,  infeei,  of  PoHneuf  Rwer  at  PocaUUo,  Idaho,  for  1899, 


Day. 

Jan. 

Feb. 

Har. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

1 

7.60 

7.40 

7.30 

7.75 

8.65 

9.60 

8.00 

(a) 

6.80 

7.00 

2 

7.60 

7.30 

7.80 

7.80 

8.66 

9.60 

8.00 

a\ 

6.70 

7.00 

8 

7.60 

7.30 

7.30 

7.80 

8.60 

9.65 

8.10 

a 

6.70 

7.00 

4 

7.fi0 

7.30 

7.30 

7.80 

8,60 

9.66 

8.00 

a 

6.90 

7.00 

6 

7.50 

7.30 

7.30 

7.« 

8.66 

9.60 

8.00 

a 

7.00 

7.00 

6 

7.60 

7.30 

7.30 

8.00 

8.45 

9.65 

7.90 

a 

7.15 

7.00 

7 

7.50 

7.30 

7.40 

8.00 

8.55 

9.60 

8.00 

a 

7.20 

7.00 

8 

7.60 

7.40 

7.40 

8.16 

8,70 

9.65 

8.00 

a 

7.25 

7.20 

9 

7.60 

7.50 

7.50 

8.35 

8.85 

9.40 

8,00 

a 

7.20 

7.20 

10 

7.60 

7.60 

7.60 

8.50 

9.16 

9.40 

8.00 

a 

7.20 

7.20 

11 

7.50 

7.60 

7.60 

8.50 

9.40 

9.45 

8.10 

a 

7.10 

7.20 

12 

7.60 

7.60 

7.60 

8.60 

9.80 

9.30 

8.10 

a 

7.00 

7.20 

13 

7.50 

7.40 

7.50 

8.60 

9.75 

9.40 

8.10 

a) 

7.00 

7.20 

14 

7.50 

7.30 

7.50 

8.70 

9.50 

9.35 

7.80 

(a 

7.00 

7.20 

15 

7.60 

7.40 

7.50 

8,55 

9.70 

9.15 

6.70 

\a 

7.20 

16 

7.60 

7.60 

7.60 

8.55 

(a) 

9.05 

7.80 

(a 

7.00 

17 

7.60 
7.60 
7.40 
7.40 
7.40 
7.60 
7.70 
7.60 
7.60 
7.60 
7.50 
7.50 
7.60 
7.50 
7.40 

7.60 
7.70 
7.70 
7.60 
7.50 
7.40 
7.30 
7.40 
7.30 
7.30 
7.30 
7.80 


7.60 
7.50 
7.60 
7.60 
7.50 
7.60 
7.50 
7.50 
7.50 
7.80 
7.40 
8.20 
7.90 
7.80 
7.80 

8.60 
8.55 
8.55 
8.40 
8.25 
8.40 
8.50 
8.60 
8.75 
8.80 
8.80 
8.75 
8.55 
8.65 

(a) 

(a) 

(a) 

ia) 

(a) 

9.20 

8.90 

9.00 

9.06 

9.00 

9.10 

9.20 

9.25 

9.45 

9.45 

9.10 
9.00 
9.15 
9.25 
9.28 
9.00 
9.00 
8.95 
8,50 
8.40 
8.60 
8.70 
8.60 
8.10 

8.00 
8.00 
7.20 
7.00 
7.20 
7.40 
7.80 
6.80 
7.10 
7.20 
7.20 
7.10 
7.20 
7.20 

tinuedC 

(a) 

i2i 
\% 

ia) 

6.80 

6.90 

6.85 

6.90 

6.80 

kitoberl 

7.00 
7.00 
6.90 
6.90 
6.90 
6.90 
6.90 
7.00 
7.00 
7.00 
7.00 
7.00 
7.00 
7.00 

18. 

19 

20.. 

21 

22...   . 

23 

24..            .    . 

25 

26 

27 

28 

29 

30 

31 

4. 

oNorefl 

iding. 

Btatio 

adiscou 

SNAKE  laVER  AT  MONTGOMERY  FERRT,  IDAHO. 

rhis  river  passes  from  Wyoming  into  Idaho  through  a  long  and 
iccessible  canyon  in  the  Snake  River  Bange.  Its  north  fork  has  its 
irce  in  Henry  Lake,  in  the  Rocky  Mountain  divide,  in  the  north- 
Jtern  corner  of  Idaho,  and  flows  southerly,  entering  the  main  stream 
ar  Idaho  Falls.  In  the  vicinity  of  Market  Lake  and  Idaho  Falls 
sre  is  a  large  area  of  land  under  cultivation,  irrigated  from  canals 
ading  on  Snake  River  and  its  smaller  tributaries.  Ten  miles  above 
B  gaging  station  at  Montgomery  Ferry  occurs  a  natural  dam  site, 
3m  which,  as  a  starting  point,  surveys  for  canal  lines  have  been  run, 
vering  the  large  extent  of  rolling  countr}^  susceptible  of  irrigation 
both  sides  of  the  riv^er.  This  is  a  feasible  project  which  up  to  the 
esent  time  has  not  been  utilized.  Measurements  at  Montgomery 
Jrry  show  the  amount  of  water  available  for  irrigation  purposes  there, 
d  also  the  amount  that  could  be  developed  for  power  purposes  at 
loshone  Falls,  about  45  miles  below.  The  station,  established  August 
1895,  is  located  at  Montgomery  Ferr}',  on  the  stage  road  from  Mini- 
ka  to  Albion.  The  gage  is  inclined  and  fastened  to  posts  set  in  the 
ound.  The  bench  mark  is  the  head  of  a  spike  in  the  east  post  of 
e  tool  house,  1.2  feet  above  the  ground  and  52  feet  west  of  the  gage. 
i  elevation  is  17.50  feet  above  gage  datmn.  The  letters  '^  B.  M."  are 
u'ked  in  black  paint  on  the  post.  The  river  is  800  feet  wide  at  this 
^tion,  with  a  hard  gravel  bottom  not  subject  to  change.     When  the 


352  Ol'EttATIONS   AT   RIVBB  STATIONS,  18W* PABT  IF. 


gtatlon  WES  vkited  by  N-  S,  DiU  od  October  14,  18^9,  a  compftri 
waH  miftdo  of  thft  gage  rod  with  th©  bench  mark,  and  it  was  found  tint; 
the  rod  had  niovod  to  a  conisidembl©  extent,  due  to  the  ai^tion  of  th; 
qutckj«aTid  on  th*^  ijicUned  iwrtion  of  tlits  rod.    The  heights a^  rworfrfj 
by  the  ob^rver^  m  wi^I  a>«  tbo  di^iiarge  measurements,  bare  tm 
t!om*i*UMl.     The  rod  is  inclmed  from  zero  tti  0,5  feet,  and  i^  vertuJ^ 
above  this  latU^r  elevntitHK     The  lower  jwrtion  is  fastened  at  varisMU 
iiit(>rvabi  to  po#t^  driren  into  the  ground.     Owing  to  it3  conmdriuhte' 
length  the  rtwi  \ulh  not  moved  uniformly^  and  the  fM>rrections,  tberpfoitt 
are  not  in  a  ton^tant  ratio,     F'rom  zero  to  i!,5  feet  the  c<>rret'tkm  totk 
gage  bright^  if*  Mow  one-tenth  of  a  foot;  from  2.6  to  3.7  feetooi^j 
tenth  of  a  foot  ^boubl  IW^  abided  t<i  the  gagt>  heights;  from  a^Staiif 
feet,  m  the  correetion  is  below  one-tenth  of  a  foot  it  is  negligibfe;| 
from  5.0  feet  to  0*5  feet  the  correction  varies  from  0.:^  foot  to  0.4  foA  | 
The  results  of  measurements  may  be  found  as  follows :  1S90,  Eighteen^  ^ 
Annual  Report,  Part  IV,  page  S35;  1897,  Nineteenth  Annual  Pfcepoitt 
Part  IV,  page  447;  1898,  Twentieth  Annual  Report,  Part  IV,  page4R 
The  following  meiisorements  of  discharge  were  made  by  F.  S.  Shiffej 
and  N.  S,  Wis  during  1899:  , 

JB  yitif^h  29,  ga^  height,  a. 04  £eet;  dieeharge^  5,6SS  seeond-feet 

^^^^v  May  *Mt  gage  height,  SM  feet;  diaicbAi^gei  16,5^7  6ie^3Dd-f«<*t. 

^^^H         June  27,  ga*,-**  height,  10,70  feet;  discharge,  35,7 IS  eecond-teet, 
^^^H         July  2Bt  glV^  height,  &10  feet;  dbchar^e^  15,012  eeGoad-feeL 
H^^y         August  28,  gage  height,  3,68  feet;  dldcbarg^,  7,292  second-feet 
October  14,  gage  hdght,  3^15  feet;  dischaige,  5,dU  second-feet 

Daily  gag^  ^^ff^^U  "*  f^^ft  *>/  *'^(it^  Rm^  ni  Monig*fjner[f  Ftrrn/^  Iduha^  jitr  JJW. 
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LITTLE   WOOD  BTV'ER  AT  TOFONIS,  IDAHO. 

headwater  tributaries  of  this  river  drain  a  country  adjoining 
>f  Malade  Riyer  on  the  east  It  enters  Snake  River  Desert  and 
a  area  on  its  appearance  from  its  mountainous  basin.  Irrigation 
ticed  along  its  course  to  such  an  extent  that  on  the  lower  reaches 
er  is  dry  during  the  summer  period.  A  measurement  on  this 
it  Shoshone,  made  by  X.  S.  Dils  on  August  29,  1899,  showed  a 
rge  of  71  second-feet  At  this  time  the  gage  at  Toponis  showed 
large  of  9  second-feet.  The  station  was  established  June  2, 
md  is  located  at  the  highway  bridge  one-half  mile  south  of  the 
d.  The  rod  of  the  old  wire  gage  was  fastened  to  the  floor  of  the 
,  but  it  was  replaced  March  28,  1899,  by  a  vertical  rod  which  is 

to  one  of  the  supports  of  the  bridge.  The  bench  mark  is  a  spike 
te  the  8-foot  mark  on  the  bridge  support  to  which  the  rod  is 
3d.  During  the  flood  periods  two  side  channels  have  to  be 
red,  as  well  as  the  main  stream.  The  results  of  measurements 
B  found  as  follows:  1896,  Eighteenth  Annual  Report.  Part  IV, 
37;  1897,  Nineteenth  Annual  Report,  Part  IV,  page  449.  The 
ing  discharge  measurements  were  made  by  F.  S.  Shirley*  and 
Dils  during  1899: 

March  2S,  gige  height,  4.40  feet;  dischAige,  164  eeoond-feet 
March  28,  gige  height;^  dischaige,  25  second-feet 
May  25,  gage  height,  1.50  feet;  discharge,  0.1  second-feet 
June  24,  gage  height,  2  feet;  dischaige,  11  second-feet 

>tn7y  gage  height,  infeet,  of  lAitie  Wood  River  ai  Toponis,  Idaho,  for  1899. 
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izement  made  on  a  ■lougii.  500  feet  aoath  of  raflroad,  into  which  water  had  been  diverted 
tie  Wood  RiTer  for  irrigation  porpoaea. 
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MAI.4DE    RIVUK   AT  TOPONIS,   IDAHO. 


Maladv  River,  or  Btjf  Wood,  a»  it  U  siinnotimes  called,  ha;^  iumn 
in  thB  high,  inuuiiUinoiw  arcii  north  of  Katchuin^  Idaho,  ^ni  flofi 
Hoiitherly*  Below  th**  tmnith  of  its  tributary^  Ciuuii^  Cm^k.wWi 
entor^^  from  the  wr^wt,  the  main  .^treiim  enters  a  broken  lava  ct^anUJ 
in  wbif^h  th«*rc  j!*i  no  ?«urfa<e  addition  to  its  flow,  the  rainfiill  prt^ta^ 
ing  down  through  the  m\\  of  the  Invii  IkhL*.  CoiiHiderable  imgitaft 
In  pmt^ticed  within  itn  liastn,  and  a  number  of  I'anal  diversiotjs 
niad<*  alx3ve  the  t^tation*  Becoui'sc^  oiu^t  l)e  had  to  ntoragt^  o« 
rivwr  for  further  incivasii  of  its  agTicnltui-»I  hind.H.  The  jstaftw^ 
etitablUhed  June  2,  189*^,  i^^  located  at  the  wagou  bridge  one  balf  aJ* 
north  of  tlie  town  of  Topoaii!*.  The  gage  is  vertical  and  i^  sipiW  ^ 
the  Miuth  face  of  one  of  the  bridge  pieri^.  The  l^^rieh  mark  i^  lie  W 
of  a  spike  driven  into  the  pier  oppcjj^rt*^  the  12-foot  mark*  Tbe  ibnd 
18  ii^traigbt  for  some  distance  above  and  below  the  station,  mi  ®* 
current  \s  moderately  swift.  The  hanks  are  high  and  not  liable  ^ 
overflow*  The  re^uU^  of  meartureaient^  are  found  a^  follows:  U^ 
Eighteenth  Annual  Report,  Part  IV,  page  337;  181^7,  Hiimtmi 
Annual  Report,  Part  IV,  page  449;  1808,  Twentieth  Anniml  Kfport. 
Part  IV,  page  4TT,  The  follow  iiig  measurement^^  of  dischai^  *^^ 
made  by  F,  S.  Shirley  and  N.  S.  Dik  during  1891^: 

Mttrch  28,  ij'ngt!  lunghl,  2.40  fieet;  discharge,  42  aecond>leet 

May  25^  ga|?c^  J>ei4!:ht,  8.80  ftM?t^  discharge,  523  i^econd^feet. 
June  24,  g&^  height^  5  feet;  dischET:ge,  1  ,S50  second -feet 

July  27^  gugit  height,  2.80  feet ;  discharge,  125  second -f€?tn. 
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MALADE   BIVKK  AT  BL168^   IDAHO. 

)re  itf  a  large  increase  in  the  discharge  of  thi:^  river  below  the 
1  of  Little  Wood  River,  which  is  evidently  due  to  the  entrance  of 
5B  from  the  lava  desert.  Surveys  have  recently  been  completed 
ler  to  determine  the  practicability  of  carrying  water  from  lower 
le  Hiver  across  Snake  Biver  for  placer  mining  and  irrigation 
lees.  In  order  to  determine  the  increase  by  the  underground 
and  the  amount  available  for  f iitun'  hydraulic  developments,  a 
«i  was  established  by  Frank  S.  Shirley  March  27.  189^.  The 
m  is  located  at  the  wagon  bridge  n  mile:?  .<c)uthwi»st  from  the  rail- 
station  at  Bliss,  and  is  reached  by  >tage  from  the  latter  place, 
rod  is  vertical  and  consists  of  a  2  >»y  4  inch  timlx»r  .spiked  to  the 
5e  abutment.  The  bench  mark  i<  two  nail.s  driven  into  the  east 
ment  opposite  the  l:f-fc)ot  mark.  The  loi-ality  is  a  good  one  for 
larements.  with  high  Yiauks  nut  subject  to  overflow,  and  with  a  rocky 
lot  liable  to  change.  The  following  measurements  of  di.s^-harge 
made  by  F.  S.  Shirley  and  X.  S.  Dils  in  ISW: 

March  27,  ga^  height,  2.50  feet;  dia'haivt-,  l,34o  j!eo»inl-iWt. 
^^7  26,  gige  h^ht,  2.70  feet;  discharge,  1,736  second-feet. 
Jane  23,  9ige  hd^t,  3.o0  feet;  discharge,  2,878  second-feet. 
July  26,  ^ige  hei^t,  2.30  feet;  disdiarge,  1,203  seoond-feet. 
September  23,  gage  height^  2.15  feet;  ^iisrharge.  1.0(i5  s^eeond-feet. 

DaS^  gage  ktighi^  iu  /<»f ,  •>/  MahiJr  Rifrr  *i/  Biw,  Idaho,  for  1S99. 
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»Et;>«AU  EtVKE  XT  O&AND^TEW,    tBAHa 

This  rivor  lijw*  il^  wmrne  m  northwrn  Ne%"ads,  and  flowis  in  a  gcuPtil 

lurtherly  toum?,  enU^rinjf  Siuik*?  River  in  Owjlieo  CouJitr-    hi\m 

^of  tt  rDllinf^  rhatnu:tf*r  and  ii*  dcvotivi  to  stixk  mining.    Sp^m»lk\ 

lureiuenUi  on  thiw  rivor  havo  bc^ea  maintamed  by  Mr.  Andret i; 

&y,  for  tlie  Owyhee  IjHtid  and  Irrigation  Company,  lamieJiiii^ 

below th^  hesttdworkn  of  tinMr  c-anal  liyrttem,  10  miles  east  of  Gnifjslvlf^, 

iilfbibo.    The  ra^iiltfl  of  inca^ttireiuctit'js  nuiy  be  found  as  followis:  l!^» 

fejjtrht*!CiiUi  Anmml   HniK*rt,  Part  l\,   page  340;   18117,  Nbeteeatl 

Atuuial  Itepoil,  Part  l\\  imgyh  450;  1898,  Twentieth  Animal  R'p^rt 

Purf  IV,   i>iigis  482,     No  aiea»ur«it]&nt^  were  made  at  this^  *t»tia 

^durjiijir  lNOi». 
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BOISE    KIVER   AT    liOISE,    IDAHO. 

This  river  drains  a  mountainous  and  well-wooded  countrv  in  Elmore 
County,  Idaho.  The  effects  of  the  forests  are  shown  in  the  liiirh  flow 
that  is  maintained  throughout  the  summer  season,  in  contrast  totho 
discharge  of  Weiser  River  farther  to  the  west,  which  drains  a  moro 
barren  countiy.  Below  the  gaging  station,  whit^h  is  located  in  the 
canyon,  a  large  number  of  canals  divert  water  to  irrigate  lands  in 
Boise  Valley.  These  diversions  are  now  carried  to  such  an  extent  that 
frequent  complaint  of  the  swircity  of  water  is  heard.  It  is  estiniatt^i 
that  13,(X)0  acres  of  land  are  irrigated  by  canals  from  Boise  Rivti 
The  station,  established  Deceiuber  15,  1894,  is  located  about  'J  m^ 
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.bove  Boise,  Idaho,  at  the  mouth  of  the  canyon.  June  IT.  ISiiT.  the 
>resont  nA  wa^?  placed,  i-onsistingof  an  inclined  tiniWr  firnily  attached 
o  a  Cottonwood  tree.  Bench  niark  No.  1  is  a  :^J-penny  spike  in  the 
ipstream  face  of  the  »>  l»y  s  i-able  support,  alM>ut  :?  feet  alwvc  the 
ground,  and  is  at  an  elevation  of  lo  feet  alnivc  jrajre  datum.  I^nch 
tnark  Xo.  :2  ronsLsts  i»f  twn  spikes  in  the  s:inie  p<»st,  at  a  height  «»f  14 
feet  al)ovr  criigi'  datum.  The  e*iuipment  consists  of  u  ra)>lc  and  t-ar. 
A.t  ordinary  >ta5|re>  tin*  rliannt-l  is  >tniiijrht  lM.)th  a)K>vi'  an«l  In'Ihw  the 
station.  Thi»  l»ank<  an-  high  and  imt  liaUi'  to  t»verflow.  A)H»ut  M'«» 
feet  Ijelow  the  rabl»*  is  a  gravt-l  Imr  rtiim-ing  thf  widtli  nf  th«'  river  in 
low  water  ti»  a)K»ut  nno-thinl  nf  thi-  rhanm-l.  an«l  f«»rring  the  entire 
How  again "^t  th*-  -Muth  l>ank.  Tlif  « liannil  i>  liaMf  to  rhange  during 
extreme  high  fl<KKl-.  ThiMv-ult-- iif  in'-a>un'nit'iit'- may  lie  found  as 
follows:  1M*»».  Eighteenth  Animiil  Kcix>rt.  Part  IV.  jrage  :>42:  ISi^T, 
Nineteenth  Annual  Ri-j>irt.  Part  IV.  iRig»:»4."iM:  1*^!*n  Twentieth  Annual 
Report.  I*art  IV.  pag»»  4*^:'.  Th»-  fi'llowing  fliM-liarg**  m»^isun^m»*nts 
Were  miuU-  ^y  F.  >.  >iiirl.y  au-l  N.  >.  T)iK  lurin;:  1  «-'.••.•: 
/'...•      ;.    ..  -y   -.    .  •■    •  /;  ..-  /:  .      •  /;.:....  /•■;.. 


'-='■         l;::;^:  I'->-^--         i-^  ..:;;r^:.  i-^^-n: 
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0FKRATIUN8    AT    RIVEH    STATIONS,   1899» PAET    IT,        t»u^*^ 


A  series  of  meii^uxementei  of  Boise  Eiver  and  eauab  takuif  water 
from  it  were  made  by  N,  S.  Dib  September  12  to  16»  1899<  Tbfi 
route  followed  wntu  siaular  to  that  taken  by  CyniB  C.  Babb,  m  not*d 
in  the  Twentieth  Annual,  Part  IV,  page  484.  The  following  list  giy^ 
the  localities,  together  with  the  results  obtained:  i 

Diacharye  ynfffrntmnmig  of  ct^nah  in  Bmse  VaUty,  Idaho, 


SepL12- 
Sept.  12. 
Sept  12, 

Sept.  12. 

8^12. 
Septic. 
8ei>tl2. 
Bept,l2, 
Sept.  13. 
Sept.  13. 
Beptl3, 
Sept  13. 
Sept  13- 
Sept.ia. 
BeptlS. 
Sept  13, 
SepL13. 
Sept  13. 
8eptl4, 
Sept  14. 
Feptl4. 
Sept.  14. 

Se]>t.  14. 
Sept.  14. 
Sept.  14 . 
Sept.  15. 
Sept  15. 
Sept  15. 


OusaL 


Sebree  1 

BeitenberTg  slough  . 
Boiee  River 


LOCftlltF, 


Rivemde  ramul 

Wa^te  ^«wt  ifi  Caldwell 

Wast^  Tenniile ... 

Strahorn  t^nal 

Foar  f^xrmll  wai*te«*  *  * . , , 

BoisQ  River , ; 

Waste  south  of  Star ' 

Waate  south  of  8tar  hridjp^?, | 

Eureka  canal i . . 

Phyllis  cAnaU ,  .,--*..,,,..■ 

SettJen*  canal | 

McCarty  c:anal | 

Davis  canal _,.._*.! 

Wa*ite  Boflit ! 

Fiayne canal  ,.►.. ,.,.**_,' 

Ro*iei  canal 

I  Pierault  canal  ,..,..,_.,. 

'  Ellis  canal.... 

Porault  canal  ^ 

Boine  River. .._.._ ^ 

( 'net in  iiinHl  ..,,, 

Ki'ienbwugh  timnl .        

Jacol  )s  (tanal 

Wa^teCarline 

Farmers  Union 

Waste 


Sept  15...    Wiiflte 


vSept.15. 
Sept  15. 
Sept  15- 
Septl5. 
Sept  15. 
Sept  15. 
Sept  15. 
Sept  15. 
Sept.K). 
Sept.  16. 
Sept  16. 
Sept.  16. 
Sept  16. 
Sept  16. 
Sept  16. 
Sept  16. 
Sept  16. 
Sept  16. 


Dry  Creek  canal 

Union  canal 

Ballentine  canal 

Waste  Dry  Creek 

Waste. ..1 

Cassiday  canal 

Middleton  canal 

Swallew  &  McDowell 

Catlin  &  Macey 

Aitken .* 

Conway  &  Aitken 

Davis  &  Hart 

Middleton  Mill  slongh 

Pioneer  canal 

Middleton  Water  Company 
Waste  West  Middleton  . .  *. . 

Waste  West  Middleton 

Waste  East  Middleton 


Near  head. , ... 

Near  head  *,. *._*. 

300  feel  below  C^dwell 
bridge. 

Near  head 

Near  river 

N^  river . .,.«.. 

Near  b^id  ..._ , 

Near  river ^^. 

Star  bridjgvi 

Near  river .. 

Near  river .....   ........... 

Near  head _ . . 

Near  head;  d rj' . ,.. 

Near  bead 

Near  head  ...-, 

Near  bead .  ^ ..._,, 

Near  river 

Near  head  -,.,-. 

Below  waste  gate. 

Below  mill  ,*..-._- ,.., 

Near  head .,,. 

B*4<i  w  ^vaetc  gate ....    . 

IT  n  i  ted  S  ta  to*?  GfN  >)  i  tiji  cj  1 1 
S  u  rve y  Ka^i  n^  g  t«  1  in  n , 

Near  head  .  „ ,  , . . , 

Near  head  ... 

Near  head 

Main  street  bridge 

Near  head 

One-half  mile  ]x4ow  Sol- 
diers' Home. 

Two  miles  below  Soldioi>' 
Home. 

Near  head 

Near  head;  dry 

Near  head;  dry 

Near  river 

Near  head;  Ca<s'^id}i\  

Near  head;  dr>- 

Near  head 

Near  head 

Eagle  Island 

Eagle  Island 

Eagle  Island 

Eagle  Island 

Near  head 

Near  head 

Near  head 

Willow  Creek 

Near  river 

Near  river 


DlMliiJ^ 


l£ 
7 

# 
t 

486 
5 

4r 


11 

30 
4S 

5 
51 


13 
1 


^  Pemult  above  mill  leeOls  PcraviM  VkAov.-  txuW  v\\v<V  \\As\.<i  ^ov;^Vq\w  Y\lls  canal. 
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RUXMARY. 

Swsond>feeC 

Q  river  at  Star  bridge 486 

kkeDoiitb7CMia]0mbove8tar 891 

1,377 

1  river  above  canals 1, 106 

etam  water  above  Star 91 

1,196 

Gain 181 

I  river  at  Caldwell 439 

iken  oat  by  canalei 1, 227 

1,666 

river  above  canak* 1, 105 

2tam  water 192 

1,297 

Gain  34  milep 369 

•in  per  mile,  1899 11 

•in  per  mile,  1898 8 

Increaee 3 

PAYETTE    RIVER   AT   PAYETTE.  lOAHO. 

This  river  drains  a  well-wooded  mountainous  ai*ea  similar  to  the 
«in  of  the  Boise.  The  effect  of  the  forest  is  shown  in  the  well- 
stained  summer  flow.  Systematic  measurements  were  formerly 
Uie  on  this  river,  but  owing  to  the  excess  of  water  above  the  needs 
the  irrigators,  this  station  is  not  now  maintained.  September  10, 
99,  a  measurement  at  Pityette  by  X.  S.  Dils  showed  a  discharge  of 
J77  second-feet. 

WEISER    RIVER  AT  WEIRER,    IDAHO. 

The  drainage  basin  of  this  river  is  mountainous  and  rocky,  in  con- 
ist  to  the  well-wooded  areas  of  the  Boise  and  Payette  basins,  and 
e  effect  is  shown  in  the  high  flood  discharges  and  low  summer  flow, 
number  of  small  ditches  utilize  considerable  water  from  this  river. 
It  the  principal  canal  is  the  Galloway  canal,  which  irrigates  lands 
>rth  of  Weiser.  Above  this  canal  is  a  bench  country  susceptible 
cultivation  if  water  could  be  brought  to  it.  The  gaging  station, 
tablished  December  6,  1894,  is  located  in  the  canyon  of  the  river, 
^t  10  miles  from  Weiser.  The  gage  rod  which  was  set  in  1898 
^  covered  during  the  process  of  grading  for  the  roadbed  of  the 
^  Pacific  and  Idaho  Northern  railroad,  which  is  a  line  intended 
i^n  from  Weiser  to  the  mining  country  in  the  mountainous  district 
the  north.    The  new  gage,  located  on  October  31,  1899, 100  feet 
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above  the  oltt  omi,  in  ini^liiK^l  and  bolt^fl  to  a  r«x*k  hluff;  L.lofi'H 
along  tht^  g^g^*  *H|UftLs  one  foot  in  t>le\^tion.  The  b^^uch  mark  coiusbtii 
of  a  cross  cut  in  the  top  of  the  lava  rim  rtH'k  above  the  gage,  and  k  at 
an  elevation  of  12.9(}  feet.  The  elevation  of  the  zero  of  the  gage  taken 
from  the  levek  of  the  railroad  vb  2,191,34  feet  aljove  sea  level.  Dis- 
charge m€»surements  are  made  from  a  cable  and  car  abont  BOO  fest 
helow  the  gage.  Both  Iftankw  are  high  and  not  liable  to  overflow.  The 
bed  of  the  river  is  of  gravel  and  not  susceptible  to  change.  The  n^sultn 
of  uieasurementii  may  lie  found  as  follows;  1896,  Eighteenth  Annual 
Report,  Part  IV,  page  353;  189T,  Nineteenth  Annual  Beport,  Part  W, 
pug©  457;  189S,  Twentieth  AiinuHl  Report,  Part  IV,  page  488,  The 
following  discharge  measurements  were  made  by  F.  S*  Shirley  and 
K.  a  Dilsin  1891?: 

Murch  n,  gage  height,  3.80  feet;  dischargii,  2,822  secoud4eet 
April  !6,  gage  height,  4.70  feetj  diacharge,  3,B31  secoad-feijt 
May  18,  gag^  height,  4.20  feet;  discharge,  3,092  eecond-feeL 
May  29^  gage  height,  4  feet;  diit-baiige,  2,83^1  secsond-feet, 
J«I>  8,  gage  height,  2.40  feet;  discharge,  I,  It^  second -feet. 
f^*ptetiiher  0,  gage  height,  0.75  fcwt;  diaciiaj^gf;*  145  ee^'ond-fee^t 

iMilff  gaff€  hetghtf  in  /isef ,  of  Weiiter  Hwer  at  TFifwief ,  MohQ,  for  1899. 
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PALOUSE    RIVER   AT    HOOPER,    WASIIIN(  .TON. 

The  headwater  tributaries  of  this  river  have  their  sources  in 
western  Idaho,  adjoining  the  headwater  streams  of  Pothit<*h  Rivor.  J^ 
tributary  of  Clearwater  River.     After  passing  into  Washington  they 
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e  to  form  the  main  Palouse,  which  has  a  general  southwesterly 
2tion,  passing  through  a  rolling  country.  Six  miles  below  Hooper, 
ihington,  the  river  bends  suddenly  southward  and  enters  its  canyon, 
ugh  which  it  continues  until  its  junction  with  Snake  River.  For 
3  distance  above  Hooper  the  river  consists  of  a  succession  of  deep 
8,  from  10  to  15  feet  in  depth,  connected  by  short  riffles.  Its  valley 
out  one-half  mile  in  width  and  bordered  with  basaltic  cliffs  approx- 
ely  300  feet  in  height.  A  short  distance  above  the  mouth  of  the 
r  are  the  Palouse  Falls,  which  are  approximately  130  feet  in  height. 
le  measurements  of  Palouse  River  are  of  value  in  showing  the 
unt  of  water  that  could  be  utilized  for  irrigation  on  the  lands  of 
ihtucna  Valley  and  in  the  section  north  of  Pasco.  The  gaging 
on,  established  September  9, 1897,  is  located  near  Hooper,  opposite 
¥ater  tank  of  the  railroad  company.  It  is  about  3  miles  above  the 
th  of  Cow  Creek  and  2  miles  below  the  head  of  the  ditch  of 
Palouse  Irrigation  Company,  which  carries,  when  full,  25  second- 
The  rod  is  inclined  and  fastened  to  posts  driven  into  the  right 
t.  The  bench  mark  is  a  point  of  rock,  marked  with  red  paint,  on 
left  bank  of  the  river,  opposite  the  gage,  and  its  elevation  is  7.60 
above  gage  datum.    The  channel  is  gravel  and  not  liable  to  change. 

left  bank  is  high  and  can  not  overflow,  but  the  right  bank 
rflows  at  extreme  high  water.  The  results  of  measurements  may 
ound  as  follows:  1897,  Nineteenth  Annual  Report,  Part  IV,  page 
;  1898,  Twentieth  Annual  Report,  Part  IV,  page  489.  No  meas- 
nents  of  discharge  were  made  at  this  point  in  1899. 

Daily  gage  height,  in  feet,  of  Palotue  River  at  Hooper ^  Washington^  for  1899. 
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BLACKl-YKiT    HIVKR    AT    HiJXNER,    MONTANA, 


This  river  Iuls  it^  source  on  the  western  slope  of  the  main  divide  of 
the  Kocky  MountariLs  in  Deer  lodge  County,  It^  ilrainagc  basin  id 
muuutainoufi  tmd  well  wooded,  and  little  cultivation  is  possible  withiB 
the  area.  The  Clearwater  Lakes  near  the  head  serve  as  a  resenoir, 
giving  the  stream  a  relativel}^  constant  flow.  The  principal  industrial 
applications  of  the  river  are  found  near  its  mouthy  where  the  w»t^r 
can  be  used  for  power  purposes  as  well  as  for  the  irrigation  of  tlie 
adjacent  lands.  Measurements  at  thii^  point  ares  aflfected  to  a  certain 
extent  by  the  dam  of  the  Big  Blackfoot  Milling  Company,  which  is 
located  alK>ut  1^(KX>  yards  above  the  station,  and  which  furnishes  water 
for  the  mills  and  electric-power  stations.  The  opening  and  clawing  of 
the  flood  gates  of  the  dam  caiLse  abinipt  changes  in  the  recorded  gag« 
heights.  The  station,  established  3nly  7, 1898,  ij^?  located  at  the  wagim 
bridge  one- ha  If  mile  west  of  Bonner  and  6  miles  east  of  Missoula. 
The  rod  of  the  wire  gage  is  fastened  to  the  upper  side  of  the  bridgf. 
Bench  mark  No.  1,  established  by  the  Topographic  Division  of  the 
United  States  Geological  SuiTey,  is  a  cross  cut  by  a  chisel  on  the  top 
and  northeast  corner  of  the  northeast  buttress  of  the  Northern  Paciiic 
railway  bridge  over  Big  Blackfoot  River  near  Bonner^  and  w  at  m 
elevation  above  sea  of  8,290*298  feet.  Bench  mark  No.  2  is  a  I'egula- 
tion  United  States  Geological  Suney  iron  post  on  the  east  side  of  the 
river,  10  yards  tsouth  of  the  highway  and  ^  jaixls  north  of  Mr* 
McCormick's  house,  outside  of  dooryard  fence,  and  at  an  elevation 
of  8,^46.038  feet*  Tlu^  clcvutioii  of  the  axle  of  the  pulley  of  iho  wiir 
gatrr  is  H,251Ji7>^  fct^t.  The  length  of  the  wii'c  f^Age  is  :i:i.75  fwt. 
Thi?^  [lii^c  was  vcriiiivl  »lnne  10,  18iMi,  and  September  s^  181^9,  whenu 
strctt^h  of  tlvc  calcic  or  w  niovcmiMit  f^f  the  index  of  0.55  foot  vf^ 
found  to  have  occurred.  The  results  of  nieasurements  for  ISt^Snuiy 
be  found  in  the  Twentieth  Annual  Report,  Part  IV,  page  4'.U.  l\\c 
following  measurements  of  discharge  for  1899  were  made  under  the 
direction  of  F.  D.  Smith : 

l)ischar(je  mpnsuremmtn  of  lilarkfont  Rir,  r  at  HoiDhr,  )fo)}tnnn. 


Gage 
height. 


I.iHharK,..  I.H....  ^«a^;; 


Ff>t.       Second -Jed. 

.lanuarv  28 1. 20  i  1, 026 
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May  13 6.30'  9.253 

June  12 7.40  13.873 

June20 8.70  17,324 


Julyl7 4.10  4.W: 

July  29 1  2.G8  J,M>*   1 

August  25 l.t>5  1.578    ' 

September  h l .  17  l  UV)  i 

October  21 1  (V)  1, 18S 
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Daily  gaffe  heighiy  in  feet,  of  Blackfoot  River  at  Bonner,  Montana,  for  1899. 
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3^90 

1.76 

n .. 

.30 
.2ft 

2.4.5 
2.ff7 

l.«6 
4.Nj 

ft.  46 

7.76 

ft.  76 

1.7?i 
1.76 

1.10 
1.06 

1.16 
1.00 

.90 
.96 

.K5 
.96 

22 

a6& 

23 ,_....... 

.«) 

.36 

2,80 

6,0^ 

7.10 

3.66 

1.96 

l.flO 

1.00 

.90 

.M 

24 

.H5 

.36 

2.46     5.26 

CM) 

3.25 

l.W 

.00 

1.06 

.80 

1.15 

26 

.?(» 

.«     2.4.'V  1  fi.J) 

fi.fi6 

a  10 

1.70 

1J0 

.96 

.^ 

1.10 

» 

.75 

...... 

.^20     3,0&     7.10 

6.96 

3.06 

1.65 

1.00 

1.00 

1.06 

1.16 

27 ..-..,.... 

1.00 

.30  1  a  26     7.6ft 

7.10 

Z80 

1.06 

1. 41ft 

.95 

,96 

.06 

28 „ 

1.0& 

.15  1  3.06     7.»iO 

6.«6 

'Lib 

LTD 

1.00 

.96 

.85 

.76 

29 

.96 

..M  1  2.M0     7.10 

6.66 

2.70 

].«6 

1.05 

.96 

.90 

.60 

K» 

.90 

.30     i.m)  '  7.2.5 

d.SO 

2.70     1.46 

.90 

.96 

.m 

.66 

n 

l.CO    

.an  '  7.00 

1 

2.66  1  1.J5 

1.00 

,70 

RATTLESNAKE  CREEK   AT  MI880ULA,   MONTANA. 

niis  is  a  stream  having  its  source  north  of  Missoula  and  draining  a 
dl  extent  of  country.  It  enters  Missoula  River  in  the  city  of  Mis- 
la.  The  most  important  application  of  this  stream  is  by  the  Mis- 
la  waterworks,  for  the  water  supply  of  the  city  of  Missoula.  About 
second-feet  are  used  for  this  purpose.  Twelve  ditches,  with  a 
lacity  of  from  1  to  10  second-feet  each,  divert  water  from  the  creek 
I  irrigate  lands  in  Rattlesnake  Valley  and  in  the  vicinity  of  Missoula, 
other  ditch,  with  a  capacity  of  20  second-feet,  diverts  water  from 
mouth  of  the  stream  and  is  used  for  power  purposes  in  a  cabinet 
»p  in  the  town  of  Missoula.  At  a  medium  stage  of  water  in  1899 
s  stream  was  carrying  108  second-feet  above  the  ditch  diversions, 
the  same  time  it  was  discharging  into  Missoula  River  45  second- 
t,  the  difference,  G3  second-feet,  being  used  for  power  and  irriga- 
n  purposes.  The  station  was  established  May  27, 1899,  and  is  located 
the  Ivy  street  bridge  in  the  center  of  the  city.  The  bench  mark  is 
5  top  of  the  capstone  of  the  stone  steps  of  the  house  owned  by 
omas  Greenough,  25  yards  southeast  from  the  gage  and  1.983  feet 
)ve  center  of  axle  of  the  pulley  of  the  gage.  Between  May  27  and 
>tember  7  a  stretch  of  0.15  foot  was  noticed,  and  the  records,  as 
blished,  have  been  correspondingly  corrected. 
IRR38 5 
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The  following  disn^havge  mtmeuroments  were  made  liuring  i89H  undci 
the  dir€!»ctifm  of  Prof,  F,  D,  Smitii: 


Itet*. 


June  n 
June  n 
July*.* 
Julyia. 


bc^l 


6.  OS 
ft.  70 
6.00 
130 


l>liich«i«t. 


1,712 
l.D!r7 


ti^te. 


*fuir« 

AQini3't22...., 

September?. 
Septemb4>r  28 


h^lSu  ^^**-»^- 


S/^t.l*Mt^0i. 


iJrtify  ^foge  height,  hijfft^  of  Hfjtiirmake  Orrit  at  MU»)niln^  M&tttami^  frtr  tJ^, 


D*y. 

UAf. 

June. 

July. 

A««. 

SbpL 

on 

KOT, 

Dk. 

1*      ......»«„ -^-,,.. 

1S5 
1.90 

Km 
ii» 
4,eci 

lift    1 
4.30 

1S» 

170    , 

fi.05 

fi.06 

6.seD 

IBfi 

16fl 

esvis 

6.» 
6. 25 
fi.I8 
6.  OS 

1R3 
4.70 

5.0O    ! 

ft.  IS 

ft.  03 

1S& 

ft,O0 

17« 

170 

4.70 

170 

4.58 

160 

183 

1^ 

11« 

110 

8.W 

lao 

3.83 
3,7H 
3,63 
3.rp0 
3.60 
3.13 
3.  43 
a,  40 
3.3.1 

3,  "23 
3.13 
3.03 
^.08 

ZOft 
2.80 

7.n 

2.7B 

2.es 

2.8» 
2.8S 

2.80 
2.7ft 
2.79 
2.7ft 
a.  7ft 
2.70 
2.68 
2,  fa 
2.6.1 
2.7H 
2.80 
2.Sfi 
2.83 
2,7ft 
2.T8 
2,Kl 
2.T3 

;i6,^ 

2.m 

2.90 
2.  HO 

2,^ 
2.88 

3L«0 

JL^ 
2.G& 
2.70 

%m 

2.80 
2.80 
2.7?l 
2.7ft 

2,71 
2.fiS 

2.f;s 

2.6,1 
160 
2,60 

-Lm 

2.,1.=i 

^^^ 

2.55 

2.ftft 

2.6a 

2,  SI 
2.  SO 
2.50 
2.fiO 
IftO 
2.  BO 
2.W 
!Lft» 
2.5« 
^M 
2.ftS 
2,W 
2.W 
ISO 
2.ft8 
2.ft8 
2.65 
2.63 

2  pa 

2.IW 

2.HSi 
2.SS 

i*.K.l 

2,ft.1 
2,S« 
2.P0 
2.  SI 

2.^1 

2.86 
2.  OS 
2.^3 
3LflD 

±m 

i^ 

Z-Tt 
2.70 

2.81 
2,88 
2.95 
2.W 
2.7« 
^7S 
3L75 
i7?> 
2.75 
2.75 
2.75 
2.70 
2  7^ 

L*.6.1 
'J.  70 
2.7^ 

•A.m 

IIP 

2 .......^-. ...... .»„,., 

S „-,»,,^, „„.—,,. 

f„.,_. .....>..„,.,,.,„ 

l.afi 

5,., _ „,--__,.,, 

ZB* 

«„.._.„ ,.„.,„ 

2,» 

T ..„„,.«,_.. ....* 

tP 

2.P 

».,„, ,_._...........>,, 

Tm 

10            ,„„.,.„„♦..,..,... 

t  ^ 

11. ...-....„ 

32  ,,,,,. ,..,,,..,.„**♦.* 

13.....,.,,......*..*,....— .... 

l.¥t 

14....*.^^,,..*-— ..-,,.^**,.. 

ITJ 

15 -.... ... 

ZJ6 

16.. .,„„,... p».i>*,„,^,„,. 

Iff  1 

17, 

{M 

18 

,41 

19. _ ....,,  - , 

iV 

L»0 

1^1 

2\ , ....  .--., 

i|fli 

aa  _.  ,^^_ ..,., 

Ifll 

1J3 -  . ......     _. 

441 

21....... 

-1,00 
5.40 
6.73 
5,3.1 
.1.05 

3.1W 

1  as 

1^ 

ijB „.. ...... 

.'!» 

LI- _.__ 

ITS 

3.np 
2,9n 

29_. ::......„. 

m.,... „,. 

4.1.1    ,    fi,3i1 
4.6-1    i    ft.  33 

4. 10      

'1  Wi 

m...... 

it  Dt't'i^iti!rrr  17to*^  lin  rraiflEiif;^. 


MlfiSCJUT.A    KIVER   AT    MISSOl'LA,   MONTANA. 

Thi.^  I'ivrr  lm.s  it,s  soiiivo  in  Silvorbow  County  tmd  fltnv?^  Timtln  ilj" 
until  it  rct^c^ivi^s  tin*  watt»rs  of  LitHo  Blnvkfooi  Kiwr,  wlion  it  take-^Ji 
iiioiT  uorthwt>wt4>rl3^  t^oiirse,  The  tuuiiP  Mi.ssoula  is  iisiuilly  ;ipplii'<i  tf' 
that  srrtion  of  tfio  rivrr  bt^twepii  thi'  junctinn  of  Rhivkftmt  nnd  MAV 
gntt^  riv(M's  ttnd  the  nioutl*  of  Prnd  Oreille  Kiver.  The  rr:iiiie  u>LUitiy 
applied  to  it  from  thi.*:*  point  down  to  its  junction  nitli  Ctkitinil'i^ 
River  i,H  Clark  Fork  of  tlie  CuluinhiH.  The  .stutitin,  i^stahlishr'I  *Tnly 
In,  isiis,  is  lc)eiile<l  ut  llicjfcirnis  iivernie  liridp*  in  Missnnlu.  Tht^  rivi'^ 
at  thi^  point  fhovs  in  twn  rhsiniit'ls,  and  in  nrdrr  t*i>tu(l\'  \\\\Av  ihtrtu- 
nthm^  a  .^eeoiid  rod  \vus  placed  on  the  .'^<Hitfi  ehaiuu*!  January  l^N  l^'^' 


xohtaita.  865 

"his  second  rod  is  vertical  and  attached  to  the  pier  of  the  bridge.  The 
eadings  of  the  two  rods  were  made  to  correspond  on  the  date  of  the 
Btablishment  of  the  second  rod,  and  they  were  2.85  feet.  The 
riginal  rod  is  known  as  rod  No.  1,  and  the  gage  in  the  soath  channel 
I  known  as  rod  No.  2.  Discharge  measurements  are  always  made 
I  the  bridge  of  the  Bitterroot  Valley  division  of  the  Northern  Pacific 
Sailway  some  distance  below  the  Higgins  avenae  bridge.  The  river 
t  this  point  is  practically  in  one  channel,  except  in  times  of  flood, 
rhen  some  water  finds  its  way  through  a  slough  600  feet  south  of 
be  bridge.  On  account  of  the  difficulty  of  accurately  measuring 
be  fluctuations  of  the  river  at  rods  Nos.  1  and  2  a  third  rod  was 
laced  May  27,  1890,  below  the  junction  of  the  two  branches  and 
50  yards  east  of  the  railroad  bridge.  The  rod  at  this  point  con- 
ists  of  a  horizontal  20-foot  timber  bolted  to  a  cottonwood  tree  imme- 
iately  below  the  buildings  of  the  Garden  City  Bottling  Works, 
le  rod  is  se<»ureh'  braced  with  timbers  both  above  and  below  and 
Hyed  by  wires  on  both  sides.  To  the  horizontal  timber  is  attached 
wire  gage,  the  length  of  which  is  22  feet.  The  bench  mark  con- 
ists  of  a  United  States  Geological  Survey  iron  post,  at  the  junction 
i  McCormick  and  West  Cedar  streets,  100  yards  west  of  the  gage,  on 
be  north  side  of  the  highway.  Its  elevation  above  sea  is  3,194.642 
eet  The  top  of  the  horizontal  bar  of  the  gage  at  a  point  exactly 
^ver  the  iron  bolt  which  holds  the  rod  to  the  cottonwood  tree  is 
sl78.338  feet.  The  height  of  the  river  was  read  at  the  three  rods 
hiring  1899,  but  observations  during  1900  will  only  be  taken  at  rod 
9o.  8,  the  other  two  being  discontinued.  The  results  of  measure- 
Dents  for  1898  may  be  found  in  the  Twentieth  Annual  Report,  Pkrt 
.V,  page  491.  Measurements  for  1898  and  1899  were  made  under  the 
lirection  of  F.  D.  Smith  and  are  as  follows: 

DUcharg*'  uieamtremcnt»  of  MiMtmdfi  Rirrr  at  Mumula,  }fotitaua. 
1899. 


^'-'  .   hJiShl.  '  l»«h«n^.  .  ^^'  height.  ,  r>l«charKe. 


Ftet.      Scrtmd'M.  Frrt.      Second-fed. 

April22 04.75  6,»76    i     Augnrtl 6.35  4,822    | 

.-r    _  .„  g  J27 

2.492 
2,273. 


llaySO 9.60*  23,295  ,  Auguiit24 i  4.75 

June  19 10.55  <  34,6U  '■  8eptcmber8 4.15 

Jnly6 !         8.30  17,872  .  October21 4.10 

Jnlyl4 7.30  9,235  , 


I 


aGiMce  height  ftt  rod  No.  1.    The  other  ga^  heights  were  taken  on  rod  No.  3. 
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DfM^  (fOife  km^i^  infielf  0/  Mimotda.  Ewer  iU  Mismulat  MmUana,  for  IS^, 

[Rod  B4a  h\ 


Hs66       ( 

I 


I 


aiy. 

JftlS. 

M*r, 

Apr. 

!i*r. 

J  an?. 

Jiiiy, 

Atig, 

e*p4 

Oct 

1 

2.» 

2.a& 

2.40 

2,fi0 
2.70 
S.O0 

S.63 
S.T3 
4.87 
«,«& 

v.ao 

&40 
4,» 
4.96 
4.711 
4.65 
4.40 
4.05 
S.«8 
4.6» 
4.70 
4,35 
4.2s 
48a 
4  06 
4  70 
416 
i      42.'i 

416 
4.16 

a.  96 

3.« 
S,KI 
4.16 
450 
6.10 
5.7fi 
6.70 
7.U6 
7.30 
7.16 
&96 
6. 65 

e.40 

(1.40 
5.35 
6l45 

A.ao 
e.65 

flL75 
7.05 

8.00 

a.  10 

9-75 
0.36 
0.SO 

e.i6 

0.10 

8.05 
100 

10. 10 
10.50 
10.30 

9.m 
Km 

a40 
0.15 

10.0s 

0.90 
0.66 
9.43 

9.4^ 
9.85 
10.00 
10.90 
11.30 
10. 7S 
10. 10 
9.35 
a  36 
9.05 

9.70 
9J5 
9.00 

«.60 
».^ 
8.15 
».00 
7.75 
7.38 
7.35 
7.40 

"  fia 

7.25 

e.7s 

f.3l4 
ft.  33 
5.90 
6.65 
5.4» 
5,4,1 
5.38 
5.80 
5.1s 
490 
475 

i.m 

4.00 
453 
46D 
440 
430 

496 
4a» 

4,» 
4 -JO 
420 
4  OK 
400 
400 
4.0» 
406 
400 
3,95 

s.a6 

3.90 
S.SO 
3.7S 

3.70 
3.«l^ 

^.m 
3.70 

3.7S 
1.7S 
a.  70 
3.63 
8.i^ 
S.60 
S.60 
3.45 
3.43 

a.xa 

3.30 

3s  3a 

3.3^ 

s.» 

3.OT 
S.15 
3.L& 

ai3 
3.10 

6.10 
S.10 
ilO 
3,10 
3.*B 
3.00 
3L00 
2.95 
195 
2,95 
2.96 

2,96 
2:96 

2.96 
190 
2.90 
2.90 

in 

!.« 

^» : 

i« 

tm 

t.m 

3.» 
2,« 

ft 

4  ,.,„..,—,.,.„.— 

a  ,  ,,  ., ,„„ 

c, „...*.. 

7          -----f-— -- 

3.» 

Z4S 
2.  SO 

2.W 

2.60 
13» 

8..^..«.«.^. ^*. 

3:;;::;;;:^;;:;;:;;: 

ifl,„, 

ii...ik«4>...-'i^^^,--^ 

12»,.^.t«.  *,  ♦*^**... 

14„„ ,-„-.,.. 

1ft ., 

Itf-,.,,,..,-,,^.*^.** 

lis 
a.  16 

2.20 

2.1ft 

%^ 

2.30 
2.1s 

2,  as 

X35 
2.48 
2.68 
2.63 
2.40 

2.ao 

17 *.....* 

m, ....„„„ 

1».-.- .-,,,*-. 

... 

2l...„ 

2*-. ,-..,.„ 

a3*..*,„, - 

a4..„. ...,,..... 

«,... ._, 

^, „ 

OT*„,. ..,*.* 

as. ... 

!».***. -*..,..-, 

1» 
2.7fi 
2,76 

30 .„„. 

31,, ...,,, 

No  i^pconl  for  FebroaJT;  let:.  gtat]ou  dlHoontinned  October  SL 

Dmlygagt  Mghi^  infifJf  of  MiMwda  Ri*^  at  Mismrdci^  Mmdmia^Jw  i^^- 


[Rod  No.  2.] 


Day. 


1. 

2. 

3. 

1. 

5. 

♦k 

7. 

8. 

9. 
10. 
11. 
12. 

v^. 

14. 
15. 

ir.. 

17. 
IK. 
19. 
20. 
21. 

28.' 
24. 
2,'>. 
2G. 
27. 
28. 
29. 
W. 
31. 


Mar. 


2.50 
2.58 
2.  GO 
(a) 

(a) 
2.40 
2. 28 
2.28 
2.40 

!«! 

2.40 
2.45 
2.55 
2.  GO 
2.55 
2.61 
2.50 
2.45 


Apr. 


May. 


3.80 
3.  70 
3.  GO 
3.50 
3.  GO 
4.00 
4. '20 
4.60 

5.:w 

5.  GO 
6.00 
6.20 
5.90 
5. 75 
5.60 
5.50 
5.40 
5.30 
5.30 
5.40 
5.40 
5.50 
5.70 
5.80 
6.80 
7.(X) 
8.00 
7.80 
7.40 
7.50 
7.50 


i.m 

7.28 
7.80 
8.20 
8.60 
8.45 
7.65 
7.15 
6.85 
6.75 
7.40 
8.3.5 
8.36 
7.90 
7.43 
7.45 
7.80 
8.65 
8.80 
8.90 
8.85 
8.40 
7.90 
7.45 
7.50 
8.a5 
7.80 
7.48 
7.  40 
7.48 


July.    I    Aug. 


7.25 
6.93 
6.78 
6.65 
6.55 
6.35 
7.13 
6.00 
6.00 
G.OO 
5.9.S 
5. 8.3 
5.55 
5.48 
5. 40 
5. 20 
5.00 
4.80 
4.73 
4.54 
4.50 
4. 48 
4.4,3 
4.28 
4.20 
4.00 
4.00 
3.90 
3.90 
3.85 
3.a5 


3.88 
3.83 
3.75 
3.  78 
3.7:^ 

xa\ 

3.  tVS 
3.  (;5 
3.  70 
3.  G8 
3.  »K) 
3.  GO 
\^.iV^ 
3.  .5:i 
3.  45 
3.45 
3.40 
3.3.5 
3.40 
3.  40 
3.  48 
3.50 
3.  45 
3.43 
3.  :^8 
3. :« 
3.  :^) 
3.  A) 
3.  2,5 
3.21^ 


Sept.        (x^t 


3.  ill 
3.20 

3.-r» 

3. 20 
3.  2ii 
3.  15 
3.15 
3.  15 
3.  13 
3.  <«•> 
3.03 

3.  (■<:• 

3.  CO 
3.  (II 
3.  Ci^ 
.3.  (tt 
3.  05 
3.  (X) 
3.  (MJ 
2.98 
2.9.5 
2.95 
2.  "V-. 
5.9,T 
2.  9.S 
2.98 
2. 1^=> 
2.  »J0 
2.90 
2  \<0 


r 


•J.  95 
•2^ 


3,  tin 
3.tV> 
3.1^ 

:v  i>5 
•_'.  9:5 
o.a^ 

3.(tt 

0.  It 
3  Of' 

3. 10 

3.05 

?.io 

o.l^ 
3.  'fi 
3.10 
3,Cn 


2.*^ 


alco. 


Station  discontiuued  October  31. 


MOlffTANA. 

Uy  gaffe  height,  infeet^  of  UtaKwIa  Rher  at  MinotUa^  Mbnitmaj  for  1S99. 
[Bod  No.  8.] 


367 


D»y. 

Mat.  1  June. 

July. 

Aor. 

S.PC 

Oct 

Not. 

Dec 

^» 

9.22 
9.60 
10.00 
ia28 
10.06 

ia88 

..» 

8.96 
8.75 
8.60 
8.65 
8.SS 
8.13 
&06 
8.08 
8.00 
7.98 
7.73 
7.58 
7.88 
7.20 
6.96 
6.88 
6.70 
6.48 
6.43 
6.33 
6.23 
6.13 
5.98 
5.83 
5.68 
5.50 
5.45 
5.45 
6.40 
5.40 

6.40 
6.86 
6.25 
6.10 
5.08 
4.98 
4.83 
4.96 
5.08 
5.15 
5.12 
5.00 
4.90 
4.93 
4.78 
4.73 
4.65 
4.58 
4.53 
4,70 
4.65 
4.73 
4.85 
4.75 
4.65 
4.52 
4.50 
4.50 
4.48 
4.38 
4.28 

4.25 
4.28 
4.28 
4.83 

4.83 
4.25 

4.18 
4.15 
4.13 
4.10 
4.08 
4.06 
4.05 
4.06 
4.08 
4.08 
4.05 
4.00 
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BITTEBBOOT  BIVEB  AT  COMO,  MONTANA. 

nain  source  of  supply  of  this  river  is  in  tlie  high  mountains 
^  the  boundary  line  between  Montana  and  Idaho.  The  gen- 
ection  of  the  stream  is  northerly,  entering  Missoula  River  a 
istanee  below  the  city  of  Missoula.  The  tributaries  on  the 
e  drain  comparatively  low  hills  and  contribute  little  to  the 
of  the  river.  The  west-side  branches,  on  the  contrary,  are 
us,  draining  a  precipitous  and  heavily  wooded  area.  Their 
fes  are  regulated  by  many  small  lakes  fed  by  banks  of  snow 
ontinue  far  into  the  summer  season  before  disappearing  alto- 

In  the  vicinity  of  Hamilton  are  a  number  of  large  canals,  the 
d  ones  diverting  water  on  the  east  side  of  the  river  for  use  by 
erroot  Stock  Farm.  The  higher  bench  lands  west  of  the  river 
ed  by  small  ditches  taken  directly  from  the  smaller  tributaries, 
ichers  on  these  bench  lands  have  within  the  last  few  3'ears 
d  the  summer  flow  of  their  ditches  by  the  construction  of  rude 
the  outlets  of  a  number  of  the  lakes  on  the  headwaters  of  the 
eams.     This  is  done  at  the  heads  of  Canyon,  Bear,  and  Big 

An  additional  supply  can  be  had  by  utilizing  Lake  Como. 
:e  is  about  1  mile  long  and  one-half  mile  wide  and  is  near  the 
>f  Bock  Creek.     The  gaging  station,  established  by  Cyrus  C. 
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iBabTj  io  October,  1898,  i^  Icxated  at  the  Harlan  bridge  nimr  Como^ 

Iftnd  11*  9  miles  south  of  Gmntadale^  Montana.     A  wire  gage  wm  plEca! 

on  the  duwDi^tream  hand-rail  of  the  bridge,  and  later  a  vertical  mi 

y  was  fastened  to  the  ui>^trcani  tside  of  the  ^outh  pien     The  bench  mart 

^  is  on  a  cottonwood  tree  10  feet  west  of  the  south  end  of  the  bridge 

is  at  an  elevation  of  6.10  feet  above  gage  datum.     The  right  \mi 

fthe  river  i-*  high^  while  the  left  bank  is  low  and  liable  to  orerflom 

Gage  readings  have  not  yet  been  maintained  at  this  point,  and  but  our 

I  discharge  measurement  was  made  during  18S>0.  H*  S,  Lord,  on  Jia- 
uary  21,  1899,  at  a  gage  height  of  1  foi)t,  fuitnd  a  discharge  of  S^ 
flecond'feet. 


BmrKiiricx>T  river  at  missoula,  moktaxa- 


^™ 


I 


The  fall  of  this  river  from  Hamilton  to  Missoula^  a  distance  o" 
miles,  is  350  feet,  or  7. 3  feet  to  the  mile.  The  lower  portion  of  Bitter- 
root  Valley  has  not  been  as  extensively  cultivated  as  the  section  in  tk 
vicinity  of  Hamilton.  There  is  a  good  flow  of  water  in  the  river,  boil 
owing  to  the  lighter  grade  of  the  lower  country  a  greater  length  d 
canal  is  oecessary  than  in  the  upper  section,  and  therefore  this  Utfcei 
district  has  been  first  developed.  The  gaging  station  is  locak*d  at  ik 
Buck  house  wagon  bridge,  on  the  main  road  southwest  of  Missoula,  wk 
was  established  July  6,  1898.  The  bench  mark  is  the  regulation  iroi 
post  of  the  United  States  Geological  Survey,  set  :25  yards  northwest o 
the  bridge,  nt>iira  fenceat  the  side  of  the  hitrhway,  and  i?;  3.8*H  fev't  abovt 
the  center  of  the  axle  of  the  gage  pulley.  The  length  of  the  gage  \^in 
is  '22, SS  feet.  The  channel  of  the  river  is  nearly  straight.  The  righ 
bank  is  low  and  liable  to  overflow,  but  the  left  bank  is  high  and  rooky 
The  results  obtained  at  the  Buokhouse  bridge,  which  is  near  the  moutl 
of  the  river,  are  of  value  mainly  in  giving  the  total  disibarge  of  thi 
stream.  The  results  of  meiisurements  for  1898  uiay  be  found  in  tlit 
Twentieth  Annual  Report,  Part  IV,  page  495.  The  followinixnieiusure 
ments  of  discharge  were  made  under  the  direction  of  F.  1).  Smith  in 
1899: 

ly'tschargc  ineaj^ununrnij^  of  BiUerront  River  nt  3A<>.«*ot</</,  }fo)it(iufj. 
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DaUy  gage  height,  m  fed,  of  Biiterroot  River  al  Miseoula,  MorUanOf  for  1899, 


D-y. 


1. 
7. 
1. 
4< 
ft. 
«. 
7. 

§. 
10. 

11, 
u. 

IS. 
IG 
17. 
U. 
J9, 

m. 
n 
n. 

M. 

n. 


1. 50 
1.56 

Lao 

L6fi 
l.afi 
LTD 
1.70 
1  65 
1,70 
1.00 

Lao 
in) 


Febv   U^. 


L25 

LZ& 
L30 
1.36 
L40 
L46 
L50 
LTO 
L6& 
Lfia 
1.56 
1.45 
1.410 
\,Z^ 
L40 
L« 
1.35 
LIO 
LIO 
L^O 
1.40 
110 
1.S5 
l.M 
LA5 
l.W 
L65 
L6a 
L6^ 
LA& 


"} 


Apr. 


1-56 
1.70 
L7S 

i.m 

LSO 
L96 
L% 
2.05 
2.16 
2.60 
i.« 
3.20 
3.80 
^,&') 
a.  4^ 

9.60 

3.G5 
^4^ 
S.-10 

3.50 
3,70 
3,75 
3.«0 
^.^ 
4.00 
3,75 
300 


May, 


3.50 

3.10 

3.00 
S.30 

3.91) 
1.90 
6.^ 
a.  30 

o,ia 
a.  40 

ft.  2ft 
0.00 
6.20 
I  5.00 
4.70 

,  4.00 
4.60 
4.A0 
5.00 

I  5.4S 
590 
7.  to 

,  7.« 
7.TO 

I  7,3U 

I  7.60 

I  e.95 


June. 


July. 


A.  80 
6.70 
7,15 
g,30 

aoo 

Ji.OO 

7.ao    

6,*0  i  S.70 


9.60 
0.56 
Q.40 
fl.20 
9,  to 
0.06 
S.75 


6  70 
6.75 
7.85 
9.40 
10.  SO 
10.  .W 
9.20 
a  50 

9.W 
to,  95 
1L45 
1L2& 
U.13 
9,66 
9.40 
9.10 
9.W 
10. '20 
9.90 
9.60 
9,^ 


S.96 
S.90 
8.«5 
8.60 
8.10 
7.76 
7.50 
T.eo 
7.20 
7.16 
7.00 
G.96 
Q.M 
5.96 
5.[iO 
5,15 
5.00 
4.«6 
4.§0 
4.75 
4.75 
4.60 


Aug. 


4.55 
■1.60 
4.00 
4,10 
4.00 
4.05 
4.00 
4.05 
4.10 
4.15 
4.10 
4.00 
3.70 
^M 
».40 
a,  25 

a.  01^ 

ft.  00 
2.85 
9,50 
2.96 
3  JO 
3.^20 
S.00 

2.  as 

2.75 
^70 
2.G5 
£.60 
2.50 
2.45 


BcpC 


2.40 
a- 36 
2.40 
2.60 
2.00 
2.50 
2.46 
2.^ 
2.25 
2,20 
2.10 
2.06 
2.10 
2,30 
2.25 
2.26 
2.15 
2.10 
2.10 
'-L0O 
L90 
1.80 

r,w 

L76 
1.75 
L65 
L60 

L,eo 

Lf>5 
1,65 


Oct. 


1.65 
1.6D 
L70 
1.70 
L65 
1.60 
1.60 
L55 
L5& 
L60 
L60 
L60 
1.65 
1.66 
l.W 
L7€ 
1.75 

i.ao 

1.90 
2.10 

a.2& 

2,40 
2.80 
2.26 
2.30 
2.50 
2.65 

i.m 

2.55 
3.4« 


Not, 


2,30 
2.16 
2.06 
2,00 
2,00 
2.00 
2,00 
1.96 
L96 
2,00 
2.00 
2,05 
2.00 
LOG 
L90 
L95 
2.00 
2.0O 
2.0O 
LW 
LS5 
L85 

i,eo 

L75 
1,70 
1.60 

1:3 

LflO 
L90 


Dec. 


1.90 
2.60 
2.00 
LBO 
LflO 
1.90 
LW 
1.96 
1.90 
LBO 
1.80 
l.a5 
1.76 
1.75 
1.^ 
itx) 


i.es 

1.66 
L60 
1.60 
1,®1 
L70 
1.70 


a  Frozen. 


SPOKANE  RIVER  AND  LAKE  C(£UR  d'aLENE. 

rhis  river  receives  the  outflow  of  Lake  Cceur  d'Alene,  the  outlet 

ng  at  the  northern  end  of  the  lake  near  the  town  of  Cceur  d'Alene. 

B  greater  part  of  the  lake  is  shown  on  the  topographic  atlas  sheet 

the  same  name.    The  bench  mark  near  the  lake  was  established  by 

'•  Van  H.  Manning  in  1899.    From  his  notes  it  appears  that  this  bench 

rk,  consisting  of  an  aluminum  tablet  in  the  southeast  corner  of  the 

irriam   Building,  corner  of   Sherman  and   Fourth  streets,  Cceur 

Llene,  Idaho,  is  2  feet  above  the  sidewalk  and  1  foot  from  the  door, 

on  elevation  of  2,157.404  feet.     The  bench  mark  at  the  lake  con 

ts  of  a  spike  in  a  cottonwood  tree  at  Johnson's  boat  landing.     This 

it  an  elevation  of  2,130.645  feet.     When  placed,  May  20,  1899,  it 

s  at  the  exact  surface  of  the  water  of  the  lake.     The  fluctuations 

lake  level  during  1899  are  shown  by  the  following  readings  by  Mr. 

inning: 

Elevation  of  water  surface  of  Lake  Cceur  (TAlene. 

1899. 


Date. 


Elevation. 


May20 

May28 

Julys 

July  24 

Aiiguf(6(6p.m.) 
AnciUtSS 


2,130.645 
2,130.000 
2,128.242 
2,128.648 
2,122.661 
3(,12L4aO 
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Tbo  Iftvel  of  the  watt^r  in  the*  lakt^  ii*  itiflucnced  br  it  datn  at  Po^ 
FallB,  8f  ttiila^  below  thi'  ouUrt  cif  thi>  lake.  On  Augiist  5,  at  H.J^u  p.  n^ 
the  elevation  of  the  stirfare  of  tho  wat^r  at  the  dam  at  Post  Falls  wm 
2,119*580  feet  Observations  wei*©  made  on  the  same  day,  at  5  p.  m., 
at  CoBur  d^Alene,  giving  the  elevation  of  water  surfaee  above  not*^— 
ii,12i^*551  feet— and  showing  a  difference  of  24*T1  feet  between  the  lab 
surface  and  the  water  in  the  river  at  the  dam*  It  is  proposed  to  nmin- 
tain  oe<'>aiSional  observations  of  the  height  of  water  at  C<eur  d'Aleue. 

Fernau  Lake  U  a  small  Iwdjr  of  water  2  miles  cast  of  the  town  of 
Cceor  d'Aleiie.  A  bench  mark  has  been  established  at  the  we^st  mi 
of  the  lake  on  a  stone  aliout  20  int'lie*^  by  30  inches,  20  inehef  in 
diameter,  15  feet  north  of  and  2tK)  feet  east  of  Fernan^e  house.  The 
eross  on  this  stone  h  at  an  elevation  of  5^,133.16  feet.  The  surfaeeof 
the  lake  on  August  IS,  1899,  waa  at  a  height  of  2,1^,028  feet 

Harden  Lake  iti  east  of  Rathdrum  Prairie  and  about  6  miles  north 
of  Cceur  d- Alene,  Although  a  body  of  water  of  eonsiderable  size  wmI 
lliMifing  drainage  from  a  mountain  area  it  has  no  visible  oatkt  A 
bench  mark  has  V>eeti  placed  at  llie  west  end  of  the  lake  and  coiisl*it^  of  i 
a  nail  in  a  pine  ti^e  40  feet  north  of  and  200  feet  east  of  gate  to  Kinf'i 
ranch*  Its  elevation  m  2^261»4S^5  feet  The  surface  of  the  lake  cm 
August  10,  1899,  was  2,242.704  feet;  on  August  29,  2,242.606  fed: 
on  October  10,  2,241.369  feet 

Spirit  Lake  is  a  small  body  of  water  12  miles  north  of  Rathdmm 
Prairie.  An  iron  post  marked  "' 2,490  S"  has  been  placed  at  them*rt 
end  of  the  lake,  200  fr>rt  east  of  the  landing  and  15  feet  south  of  the 
road.  The  correct  elevation  is  2,489.91)8  feet.  The  eleviition  of  the 
lake  surface  on  September  14,  1899,  was  2,444.087  feet. 

Fish  Lake  is  8  miles  north  of  Kathdrum.  An  iron  post  marked 
''2,86G  S'"  has  been  placed  one-fourth  of  a  mile  east  of  the  south  end 
of  the  lake  and  8  feet  east  of  the  fork  of  the  roads.  The  elevation  is 
2,865.70(3  feet.  The  elevation  of  lake  surface  on  September  4,  1S!>'.», 
was  2,314.016  feet.  Irrigation  of  liathdrum  Prairie  has  been  l)(\ir>^in 
})y  the  Spokane  Valley  Irrigation  Company. 

Pend  Oreille  Lake  is  the  source  of  Clark  Fork  of  the  Columbia. 
The  elevation  of  its  surface  on  September  22,  1899,  as  determined  by 
Mr.  Van  II.  Manning,  was  2,055  feet. 

SPOKANE    RIVER   AT   SPOKANE,  WASHINGTON. 

The  falls  at  Spokane,  aggregating  142  feet  in  height,  have  boon 
utilized  to  a  considerable  extent  by  a  number  of  flour  mills,  as  well  :t'' 
by  the  power  plant  of  the  Washington  Water  Power  Company,  whicb 
furnishes  electric  power  for  the  street-car  service  and  for  the  lighting: 
of  the  city.  The  river  station  established  October  17,  1896,  is  locatnl 
a  short  distance  above  the  falls,  at  the  bridge  of  the  Oregon  Railroad 
and  Navigation  Company.  The  length  of  the  wire  gage  is  22  feet. 
l^he  gage  was  connected  wit\i  t\ie  \>ex\e\v  m^xV.  oi  the  city  engineerino 
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epartment  and  referred  to  sea  level,  the  zero  being  1,880  feet  above 
!a  level.  The  banks  are  high  and  do  not  overflow  except  in  unusual 
oods.  The  velocity  is  quite  swift,  even  at  low  stages.  The  results 
t  measurements  may  be  found  as  follows:  1896,  Eighteenth  Annual 
Report,  Part  IV,  page  359;  1897,  Nineteenth  Annual  Report,  Part  IV, 
ige  488;  1898,  Twentieth  Annual  Report,  Part  IV,  page  611.  One 
leasurement  of  discharge  was  made  here  during  1899  by  Sydney 
jmold,  on  June  23,  when  at  a  gage  height  of  9.30  feet  a  discharge  of 
S,258  second-feet  was  found. 

I>a»7»/  gofje  height^  Infeei,  of  Spokane  River  at  Spokane,  Wanhingtmi,  for  1S99. 
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1.90 

2.35 

3.40     2.40 

l.jjfi 

2.35 

3.aO     li.40 

i.g^ 

2.35 

3.90 

2.4*J 

Leo 

2,M5 

3.25 

2.40 

i.yo 

2.36 

3.10 

2.30 

1,90 

2.  SO 

8.00 

2.80 

1.90 

2.30 

2.95 

2.30 

1. 90 

2.30 

'2.90 

i!.i» 

1.90 

2,30 

:?.ft5 

2.80 

1.90 

2.80 

X85 

2.30 

1.90 

2.30 

2,80 

2.80 

1.90 

2.30 

2.75 

2.25 

L90 

2.50 

2.75 

2.20 

K95 

2.50 

2.7S 

2.20 

2.00 

2.fi6 

2.75 

:;.IB 

%10 

2.80 

2.75 

2.15 

2.20 

2.85 

2.fla 

2.15 

2.25 

2.ao 

2.«& 

2.10 

2.30 

2.90 

2.60 

2.10 

2.35 

2.00 

2.55 

2,10 

2,35 

8.00 

2,55 

2,10 

^35 

8.00 

2.!)!t 

2.06 

2.35 

3.30 

2.50 

2.06 

2.35 

3.50 

2,45 

2,40 

IK-P. 


a.«6 

4.50 
5.00 

5.;io 

5.H5 
5,4(1 
.■i.35 

5.20 
5.10 
4.90 
4.85 
4.75 
4.70 
4.65 
4.G5 
4.40 
4.25 
4.  ID 
4.0O 
^,90 
XS5 
:i,80 
3.00 
4.15 
4..% 
4.75 
4,90 
1.90 
4.M) 
4.70 


LAKK   CHELAN    AT   LAKESIDK,  WASIIINCITON. 

This  lake  i.s  .situat(»d  in  the  north-centnil  part  of  Wiishingtou,  on  the 
astern  slope  of  the  Cascade  Mountains.  The  st renins  which  contrib- 
te  to  it  have  their  sources  in  the  glaciers,  and  thus  there  is  a  constant 
apply.  The  outlet  of  the  lake  is  at  the  southern  extremity,  through 
)helan  River,  which  empties  into  Columbia  River  4  miles  below.  The 
ike  itself  is  very  deep,  a  depth  of  1,400  feet  having  been  found  by 
oundings  made  by  the  topographers  of  the  United  States  Geological 
lurvey.  As  the  surfac»e  of  the  lake  is  at  an  elevation  of  about  1,100 
eet,  this  would  show  that  the  lx>ttom  was  about  300  feet  below  sea 
5vel.  The  country  surrounding  the  lower  extremity  of  this  body  of 
rater  is  of  a  rolling  character  and  is  largely  used  for  grazing  pur- 
oses.  The  gage  on  the  lake  was  established  by  Capt.  Charles  John- 
3o  September  1,  1897,  at  the  base  of  the  rock  pier  on  the  lake  shore 
orth  of  his  house,  about  one-half  mile  from  the  steamboat  landing. 
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The  bench  mark  is  a  United  States  Qeological  Survey  iron  posi,  will 
the  elovatioo — 1,121  feet  above  sea  level — Mtaiuped  on  th©  top*  This 
bench  nmrk  i.s  just  21  fe-et  above  datum  of  the  gaj^e,  m>  that  to  ol>toiD 
the  elevation  of  the  surface  of  the  l&ke  above  ^ea  level  1,100  feet  ^boald 
be  added  to  the  rod  readings. 

Dcdltf  fu^  height^  infed^  of  Lnk*  Chehn  ttl  LakeMide^  Wofikmgitm^  f{it  t89$. 
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7.85 

7.8& 
7.40 
7,46 
7.46 
7,W 
7.fiO 
7.45 
7.4& 
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7-45 
lA ..J  7,45 
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28.. 
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'  7.65 
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7.W 
7.00 
7.65 
7.G5 
7,00 
7.00 
7,05 
7.70 
7.75 
7.75 
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7.M 
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Apr. 

7.36 

0.85 
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7.35 

0.80 

i.m 

7.ao 

6. 90 

1.1b 

7,») 

o.ao 

7.70 

7.30 
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7.ea 

7.25 

6.efi 
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7.00 
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7.00 

7. 56 
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7.10 
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7,15 

7.15 
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7,15 

7.40 

7.10 
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7,Sfr 

7.10 

7.20 

7.3fi 

7.06 

7,20' 
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7.orr 

7.25 

rao 

7.00 

7.25 

7.90 

7.00 

7.25 

7.S5 

7.00 

7.25 

7.36 

fl.96 

7.30 

7.85 

e.!l& 

7  30 

7.!I0 
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7.85 

7,ao 

«.«0 

7,  as 

7.26 
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7.35 

7.25 
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7,30 
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7.45 
7.46 
7.45 
7.50 
7.50 
7.^ 
7.65 
7,86 
»,D0 
S.20 
8.30 
&40 
«l.45 
S.50 
8.60 
a.  55 
8.5-^ 

%.m 

aG5 
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«.05 
9.30 
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10.10 
10.10 
10.20 
10,40 
10.  GO 
10,65 
10.65 
10.70 
10,70 
10.75 
10.  i6 
11.00 
11.10 
11. 15 
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11.60 
11.65 
11.65 
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11.00 
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11.75 
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11.  eo 
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11.70 
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NACHES    RIVER    AT   NORTH    YAKIMA,    WASHINGTON. 

This  river  has  its  source  on  the  eastern  slope  of  the  Cascade  Moun- 
tains in  Yakima  County,  W^ashington.  It  flows  in  a  general  south- 
easterly direction,  entering  Yakima  River  a  short  distanee  above  the 
tow^n  of  North  Yakima.  Irrigation  is  practiced  in  the  narrow  vulKy 
along  the  lower  course  of  the  river,  but  its  waters  are  of  greater  value 
for  the  irrigation  of  lands  west  of  North  Yakima.  The  river  lui> 
considerable  fall,  and  the  water  can  be  easily  diverted  by  mean>  of 
comparatively  short  canals.  On  this  account  it  is  of  more  value  for 
irrigation  purposes  than  Yakima  River,  w^hich  has  less  fall,  riie 
original  station  was  established  August  14,  1893,  but  was  abandoned 
in  1897.  It  was  reestablished  February  1,  1898,  and  is  now^  located  near 
the  Northern  Pacific  railway  bridge  at  the  mouth  of  the  river.  Owing 
to  the  fact  that  the  wire  gage  was  removed  a  number  of  times,  au 
inclined  rod  w^as  established  June  20,  1899,  with  it^  zero  1.64  feet 
below  the  datum  of  the  old  gage;  consequently,  all  heights  recorded 
previous  to  June  20  should  be  increased  by  this  amount  to  make  them 
a^ree  with  those  recorded  since  that  date.     The  bench  mark  is  the  top 
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it  the  north  end  of  the  east  sill  of  clearance  post,  about  150  feet  north  of 
he  railroad  bridge,  and  is  at  an  elevation  of  25.406  feet  above  datum 
if  new  gage.  The  bed  of  the  river  is  rocky  and  is  not  liable  to  change 
it  ordinary  stages,  but  during  the  excessive  floods  to  which  this  stream 
8  subject  tiie  section  is  liable  to  great  change.  The  results  of  measure- 
nents  may  be  found  as  follows:  1896,  Eighteenth  Annual  Report,  Part 
:V,  page  355;  1898,  Twentieth  Annual  Report,  Part  IV,  page  503. 
the  following  discharge  measurements  were  made  by  Sydney  Arnold 
JI1899: 

May  4,  gage  height,  5.35  feet;  discharge,  1,847  seoond-feet 
May  12y  gage  height,  6.85  feet;  <li8charge,  5,434  second-feet. 
May  26,  gage  height,  7.10  feet;  discharge,  6,753  second-feet. 
July  27, gage  height,  7.25  feet;  dist^hai^,  2,856  second-feet. 
August  16,  gage  height,  6.  :i5  fcHjt;  dis<*hargi>,  1,357  second-feet. 
September  20,  gage  height,  5.70  feet;  discharge,  588  second-feet. 

Daily  gage  lieightf  in  feet  j  of  NacheM  River  at  North  Yakinuiy  Wiuihir^ton,  for  1899. 


Day.                JiD, 

MaJ, 

A|(r, 

Maj. 

JlltlL*, 

July, 

,™. 

Sept. 

Oct. 

Nov. 

Di-c. 

1 

2 

.,,..   4.70 

i.m   ..... 

4.70     i.CO 
4.70     4.lil 

fl.40  ,  6.80 
b.  40     G.  90 

*..■»    7.10  :  fl.ool 

,  T.flti    e.urt  i  fi J» 

5.80 
5.00 
6.80 
5.80 

&*a6'i 

5.90 
fLIO 

s.40 
S.20 

"i'.ih" 

7.50 

7.80 
7.30 
7.10 
490 

"iliQ" 

6.00 

460 
460 
460 
460 

'i'ao" 

4W 
429 
5.20 
7.00 
7.40 

S.OO 
7.WJ 
7.60 
7.40 

8 

..     ,  4.70 

4.90 
4.80 

§.60 

*,40 
*.40 
SSO 
8.30 

a'ao' 

B.30 
8,80 

a4o 

8.40 

a  40 

6.1» 6,70 

4 

..„_ 4.60 

5v40 

IS 

7.80 
7.20 

7.» 

6.m 

fi.90 
7.00 
7.O0 
7.10 
7.10 
7.00 

5 

6 

4.40 

480 
Cflff 
&.0D 

a.  10 
Xm 

ILfiO 
4.70 

&.70 

6.80 

e.86" 

(5,70 
6.0O 
fl.flO 
d.fiO 
<i.60 

■fl,'66' 

e.60 

0.40 
<k40 
0.40 
tf.30 

6.30 
6.20 

a.  10 

<iOO|  &,60 
4  90     AM 

4.70 
4.70 

&20 

4.70 
470 
i.70 
4.00 
CflO 
4.00 

7 

8 

.,... 4.80 

A.  90 
d.80 
£.80 

5.'80' 
&.8D 
5.  SO 
5.70 
5.70 
5.70 

b/m 

S.70 
6.fi0 
5.60 
h,m 
5.60 

5.60 
5.(» 
5.60 
5.70 
&.80 

5.ao 

9 

,._.^4.■0 

6.60   fl.ao 
5.«0    a.40 

5.  60  !  B.fi0 

5,  eo 

10 

4.80 

11 

12 

4.20 

.,    4.30 

18 

14 

4.10 

4.10 

&.10 

&.00 
6.00 

460 
CEO 
4.40 
4,40 
4.40 
4,40 

5.*0 
5.60 

i'so' 

5.60 

5,00 
5,80 

«.40 
<i.30 

6.00 
6.90 
6.Q0 
fi.OO 
4i.AI 

"ft'ro 

0.UO 

a,  50 
e.50 

7.30 
7.30 
7.10 

fi.90 

■8.'io' 

S.Uti 
7.60 

rao 

7.00 
7.00 

I'so 

9,00 
H.90 

16        :::  :::::l..::. 

5,W     6.60 

16 

,.„    4.30 

6.40 

&.e0  ^(1,40 
A.40     U.80 
5.30  1  0.30 

17 

18 

1» 

ao 

■  4.80 

4.40 

4,40 

4,W 





8.40 
8.80 
8.20 
8.00 
7.*0 
7.fi0 

&.00 

a.oo 
&.10 

«.I0 

A.oa 

4.40 
4.40 
4,40 

4.10 
4.40 

h.:»&  ,  fi.20  ,<iH.K& 

-V20    ft.HO 

5.20  '  6.40  1  tt.70 

....,  6.4U  ,  K-m 

21 

22 

b.m 

28 

24 

..., ..,  <i.80 

(JJO 

25 

b.m 

&.00  '  4.40 

5.ao     *1,50    7.30 

26 

27 

28 

\m 

5.7U 

.    5.70 

5.:J0     <M50     H.7U     T.'iO     G,  10 
5.40     0.(30     8.00     7.20   ...... 

5.40    Km     7.30     e,  10 

4.90     4.10 
4,M0     4.40 

29 

4.60 
4.50 
4.  GO 

b.50     OJJO     H^.^iO     7.W     (S.IO 

30 

a 

hia 

5.eo 

......    G.70 

ikMO 

8.50     7.'iO 

CIO 
0.iX» 

■ 1 

a  New  gage,  datum  1.04  lower  tlmn  old  gage. 
YAKIMA   RIVER  AT  UNION   GAP,  WASHINGTON. 

This  river  has  its  source  in  Keecbelus  Lake,  on  the  eastern  slope  of 
:he  Cascade  Mountains,  in  Kittitas  Count}',  Washington.  In  a  short 
listance  it  receives  the  waters  of  Kachess  Lake,  and  2i  miles  above 
Die  Elum  it  receives  the  outlet  of  the  last  of  the  three  large  headwater 
Akes.  The  valley  of  Yakima  River  is  comparatively  narrow  until  it 
indens  out  in  the  vicinity  of  EUensburg,  where  considerable  irrigation 
m  prtctioed.    At  the  lower  end  of  this  valley  it  enters  a  canyon  20 
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milea  long,  and  then  flows  ioto  Selah  Valley,  which  is  only  4  miles  in 
l€tngth>  At  the  lower  end  of  this  opening  the  river  pas^^  through  a 
narrow  gap  to  enti^r  Yakima  Valley.  This  section  m  the  moat  exten- 
8ively  irrigated  area  in  Washington,  and  is  served  principally  by  mm\B 
from  Naches  River.  Seven  miles  below  North  Yakima  the  river  ymm 
through  what  h  known  as  Union  Cjap,  and  thence  enters  it^  lower  tiI- 
ley,  whieb  extendM  to  Kiona.  Yakima  River  enters  Columbia  River 
^3  mile8  below  this  point  and  just  above  the  town  of  Paaco,  The 
gaging  station,  established  Auguijt  14,  1893,  is  located  at  Union  Gap, 
6  miles  l>elow  North  Yakima,  Washington,  and  1,000  feet  below  the 
highway  bridge.  It  is  alxjut  S  mOe^  above  the  head  gale  of  the  San* 
nyside  canaL  The  gage  rod  is  inclined  and  is*  attached  to  a  wilJow 
stump  and  posts  set  in  the  ground.  The  bench  mark  is  the  higbi^^ 
point  of  a  large  rock  mound  25  feet  north  of  the  gage  and  10  feet  ea^ 
of  the  fence,  and  is  at  an  elevation  of  17.52  feet  above  gage  datum* 
The  equipment  consistji*  of  cable,  ear,  and  tagged  wire.  The  statioQ  is 
of  value  in  showing  the  amount  of  water  available  for  the  erten^ire 
irrigable  lands  l>elow.  The  re*^ults  of  measurements  may  be  found  as 
follows:  18%^  Eighteenth  Annual  Report,  Part  IV,  page  358;  1837, 
Nineteenth  Annual  Report,  Part  IV,  page  419;  1898,  Twentieth  Annual 
Report,  Part  IV,  page  500.  The  following  measurements  of  disdiaiy^ 
^  were  made  by  Sydney  Arnold  in  1899: 

r  May  S,  gage  height,  8,03  feet;  di«*harge,  8,500  ^cond-feet 

Aiagiist  18^  gage  height,  6  feet;  discharge,  3,777  eecxmd^feet. 

IF^*'  p  tt"  T  r  ^  1  rt^r  1  fl  H  ^ir^n?  1 )  ei  ^rb  t  ^  5  f ei^t ;  iWm'h  ft  rge,  1 ,  730  set-oii  <  1  -  feet. 
Ot'tobertt,  ga^i*  lh%Hit,  4,77  iVtt;  ilife*eharg>t\  1375^  second -feet. 

Dd'thi  (jiujc  liriijJtt,  In  fcrt,  of  Yahinid  fiircj'  <it  Vnioti  Gap,   ]Va.s}iinfjto}i,  for  JS99. 
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TAKIMA   RIVER  AT  KIONA,   WASHINGTON. 

!liis  station  is  located  on  the  lower  course  of  the  river,  at  the  point 
are  it  bends  northerly,  sweeping  around  a  point  of  hill  to  enter 
umbia  River  23  miles  below.  The  station,  established  August  20, 
'5,  is  located  at  the  highway  bridge  at  Kiona.  The  length  of  the 
e  gage  is  27.21  feet.  The  channel  of  the  river  is  stmight  for  some 
tance  above  and  below.  The  banks  arc  of  medium  height  and  the  bed 
omposed  of  firm  gravel.  The  bridge  crosses  the  river  with  one  span, 
I  the  section  is  an  ideal  one  for  discharge  measurements.  The  results 
measurements  may  be  found  as  follows:  189(>,  Eighteenth  Annual 
port,  Part  IV,  page  359;  1897,  Nineteenth  Annual  Report,  Part  IV, 
^  484;  1898,  Twentieth  Annual  Reix)rt,  Part  IV,  page  502.  The  fol- 
ring  discharge  measurements  were  made  by  Sydney  Arnold  in  1899: 

July  18,  gage  height,  9.65  feet;  dist^harge,  11,180  Kecond-feet. 
AugUHt  10,  gage  height,  6.16  feet;  dist^harge,  8,482  Hei'oud-feet. 
September  7,  gage  height,  5.31  feet;  di8(;harge,  2,107  second-feet. 
October  18,  gage  height,  4.42  feet;  discharge,  1,244  set^ond-feet. 

Daily  gage  heiglUy  inftrty  of  Yakirtm  River  at  KwriOy  Wanhingtoiiy  for  1899. 
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WALLA  WALLA    RIVER  AT  WHITMAN,    WASHINGTON. 

'he  tributaries  of  this  river  drain  the  northern  and  western  slopes 
the  Blue  Mountains  in  southeastern  Washington.  The  general 
rse  of  the  stream  is  westerly,  entering  Columbia  River  2  miles 
>w  the  mouth  of  Snake  River.  The  Blue  Mountains  attain  eleva- 
18  of  over  2,000  feet  above  their  foothills,  and  their  slopes  are 
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OrEMAmOMB  AT  BIVIS  ifAflOirS,  1899. — FABT  W.       t^& 

wpII  timbered-  A^rkultuf^  b  practioed  to  m  consideimble  extail  w 
tJift  footbiU  regiotis  to  the  Hdnit;  of  WsIlawmlK  the  erofis  being 
rmiiial  without  ]rri]««tiof]>  A  Dumber  of  tmimh  dtvert  water  bum  Urn 
rxrer  lieJow  Wbitatan  and  from  tbe  iower  cotir^  of  iu  tribntirf, 
ToaebM  Biver.  To  determine  tbe  amotuit  of  water  aratkble  for  irri- 
gmium  ^lelow.  a  ^t^ng  station  wa?  e-«taMbbed  at  Wliilmaii.  7  miiei 
below  Walla waJla,  July  Ld,  18^7.  Tb^^  gage  con^^ts  of  a  bocixaolri 
thoWr  faitt^n^  to  two  pos^teset  in  tbegroum)  and  pro}ectmg  cHitofcr 
tbe  waUsr  »urfape.  To  thin  bortr^ntat  rod  b  attached  a  wiregtgc 
Tbe  hei>eb  mark  m  a  nail  driTeo  into  tbe  northwest  comer  of  &  hm 
70  f ^t  nortb  of  tbe  gagt"  and  1  loot  abore  tbe  siU^  and  b  at  an  ete 
vation  of  11  t€^i  a^mve  gage  dattitn.  The  length  of  gage  wire  i^  WM 
fceL  ITie  diac barge  tneB^Drement^  were  to  have  been  made  from  t 
bridge^  wbieb«  however,  ha^^  tK*t  yet  been  erected.  The  r^s^iilts  ^ 
lticai4miement»  may  be  foutyd  a^  follows:  1857,  Nineteenth  Annujl 
Beport,  Part  IV,  page  41hi;  1^491^  Twentieth  Annual  Report,  P&rt  IV,  | 
page  &1%.  There  were  no  discharge  meaetireiiientd  made  at  this  p^iot  j 
during  i8m 

Ueify  ga^  heighlf  in/eft^  of  Wf^ktufaUa  JUeer  at  Wyhmmf  WitMhmgimkr  fir  im* 
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TMATflXA    mVER  AT   (GIBBON,  OREGON. 

Tilts  river  vhon  In  the  well-woorlod  t^ountry  in  nnrthea?itern  Ore^^^n 
and  flovv.'^  hi  n.  gt'iu*ni\  westerly  tliroetion,  vn tiering  Columbia  Rivt^r 
Ij€»1ow  the  niatith  of  WrilhiwiiHu  Rivi^r.  Thn  eniintry  north  nf  Tinfi 
til  la  is  hi^fli  urul  roUhig.     A|i;rit'ultuii'  is  inHcticed  here  to  n  eon:^i«ler 
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extent,  cerealn  being  the  principal  crops  raised.  A*  number  of 
Is  divert  water  from  the  lower  course  of  the  stream  to  irrigate 
8  on  either  side.  Surveys  have  been  made  for  diverting  water  in 
ricinity  of  Gibbon  to  irrigate  the  high  country  between  Umatilla 
Wallawalla  rivers.  None  of  the  canals  have  yet  been  completed, 
ever.  The  station  at  Gibbon,  Oregon,  was  established  July  22, 
I,  and  is  located  one-half  mile  west  of  the  railroad  station.  The 
is  inclined  and  is  fastened  to  a  rock  ledge  by  bolts  soldered  into 
8  drilled  into  the  rock.  The  bench  mark  is  a  cross  in  black  paint 
he  highest  i)oint  of  the  rock  to  which  the  rod  is  fastened,  and 
,40  feet  above  gago  datum.  The  results  of  measurements  may  be 
id  as  follows:  189(),  Eighteenth  Annual  Report,  Part  IV,  page 
,  1897,  Nineteenth  Annual  Report,  Part  IV,  page  493;  1898, 
mtieth  Annual  Report,  Part  IV,  page  515.  There  were  no  meas- 
nent^  of  discharge  made  at  this  point  during  1899. 

Daily  gage  hnght,  in  feet y  of  Umatillti  Jiinr  at  (Hhhtm^  Orfgi>n,for  1899, 


l>ay. 

JjlTl. 

1.. 

2.. 

1.15 

% 

1  m 

4 -—  — 

L9 

6.. 
B.. 
7 

l.JD 

1,25 

8.. 

I,  IS 

9          .  — __.     . 

I.U 

D ,..,.... 

^S 

I _  _ 

.10 

.w 

.VO 

i.m 

2.  so 
a.  70 
4.50 

A.m 

:l.  U) 

1 

1 

s 

S 

9 

-'**-*  »»* 

I.. 

} 

\.. 

1                               -A  4in 

'J.W 

H  .V) 

J.. 

1 

3.a) 

S  10 

a.  in) 

2.70 
'2.M 

2.m 
%m 
%m 

t.m 

2,00 

%m 

±m 

3.10 

x-m 

H.70 

±m 

2. 40 
2.20 
2.10 
2.10 


2.4ia 
'i-60 
3:50 
%4^ 

t.'m 
±m 
a7S 

±m 
%m 
2.ao 

2.10 
2.10 

%n 

2.15 
%\b 

3.20 
2.30 
a,  60 
2.50 

a,fto 

2.40 
2.111 
2.  m 
2. 70 
2.»J0 
2.:i0 

2.rio 

2.  .V) 

2.  ro 

2.(50 


JAIT. 

Msy. ' 

2,65 

XfiO 

2-70 

2,/iO 

2.75 

Z.*iO 

3.A0 

2.W 

3.30 

3.05 

aw 

3.W 

3,A0 

1.10 

it.  70 

4.40 

4.30 

AM 

4.3tf 

4.80 

4,10 

4,40 

&.00 

4.30 

4.20 

4.M 

9.  SO 

%.m 

a.eo 

3,20 

a.w 

a.  10 

ItlO 

fLOt^ 

a. -20 

Ifto 

M.Ofi 

3.0O 

3.40 

^9S 

3.-10 

Jt.OO 

XAS 

Jl.j« 

?..Hy 

4,10 

■Xh& 

4.40 

:i.  r.0 

3.30 
3. '20 
3.00 
2. 7.=» 
2.eyo 


1.30 
4.00 
3.X0 
3..S0 
4.00 
4.()0 
3.W 


3.iO 
3.70 

3. 10 
S.OO 

a.  00 
%.m 

3.20 
A.  10 
2.0ft 
S.IO 

3,00 
2.90 
2.  BO 
51.75 
2.70 
2.00 
2.^ 
2,4Ei 
2.40 
%.V^ 
2. 20 
2.10 
2.00 
1.95 
l.W 
1.90 


I 


90 

80 
75 
65 
l.n6 
1.00 
60 

l.Bfi 
50 
50 
Ah 
45 
45 
40 

jy^ 

35 
30 

1.30 

35 

20 
1.20 
Ll.-V 
1.1.'> 
1.10 
1.10 
1.10 
1.10  I 


l.W> 

1,05 

OJ^ 

l.OA 

1.00 

1.00 

95 

96 

Ofi 

1.06 

06 

1.00 

00 

J.OO 

1.00 

1.00 

J.  00 

LOO 

1.00 

1/05 

l.OS 

1.36 

20 

IJO 

1. 10 

1.06 

l.»% 

I  05 

1,05 

1.00 

LOO 


ScpL 

OrL 

Nov. 

Dec. 

1.00 

1.00 

i.ew 

3.20 

1.00 

1.00 

1-60 

2.90 

1.00 

1.00 

t4ft 

2.75 

1.10 

1.00  1 

1.46 

2.00 

1-SO 

1.00 

1.^ 

2.40 

1,10 

l.OO 

1.40 

2.80 

1.10 

1.00 

1.40 

2.20 

MO 

1.00 

1,40 

2.20 

1.05 

1.00 

1.40 

2.20 

L05 

1.00 

1.40 

2.20 

l.OO 

l.OO 

1.40 

2.20 

1,00 

1.00 

1.40 

2.25 

L05 

1.00 

1.40 

2.20 

1.00 

1.00 

1.45 

2.20 

1.00 

LOO 

L.W 

2.20 

1.00 

1.20 

1.50 

2.20 

3.00 

1.40 

1-50 

2.15 

1.00 

1.40 

1.90 

2.15 

1.00 

L(iO 

2.10 

2.10 

1.00 

L(iO 

2.10 

2.10 

1.00 

LN) 

2.00 

2.10 

1.00 

1.50 

l.W 

2.05 

1.00 

i.go 

LW 

2.00 

1.00 

L60 

1.70 

2.00 

1.00 

l.iifi 

1.70 

2.10 

1.00 

L70 

1.70 

2.20 

1.00 

1.70 

2.40 

2.20 

1.00 

L75 

2.7fl 

2.15 

1.00 

1.70 

a.m 

2. 10 

1.00 

LfiiS 

S,15 

2. 15 

L(» 

2,10 

DKW'HUTES   RIVER   AT   MORO,    OREGON. 

Ills  river  drains  a  large  area  in  central  Oregon  and  flows  in  a  gen- 
northerly  direction,  entering  Columbia  River  al)out  15  miles  east 
'he  Dalles,  Oregon.  The  headwater  tributaries  have  their  source 
le  snow-clad  peaks  of  the  (^tiscade  Mountains.  The  plains  region 
rhich  they  enter  upon  their  appearance  from  the  mountain  canyons 
:  a  very  porous  lava  formation,  which  ha-s  a  tendency  to  regulate 
flow  of  the  river.    The  rains  and  snows  of  the  winter  are  absorbed 
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Ibe  porous  rockB,  to  he  .^tlowly  diHtlwirj^fKl  into  the  river  later  ti 

Maan.     In  the  vicinity  of  the  town  of  Lava  the  river  is  noted  far 

li^  nnrhanjfing  flow,  the  height  not  var>nng,  on  an  avemgo,  more  thin 

J :^  to  18  inehcj*  during  the  yeur,  with  a  eomimnitivii^lj  krgo  dificliAi^ 

IThe  river  ih  a  ^urftit'c  stream  until  about  due  wcgt  of  Prineville,  wb^ 

It  gmdually  cut^  down,  and  on  it^i  lower  mmrso  U  in  a  canyon  nhtd 

,()0t)  feet  in  depth*     The  lower  ix>rtion  of  tho  river  is  also  ^ubjetfcto 

_  mti^r  fluctuations  in  height  thnn  the  upper  pai-t     The  general  l•k^ 

acter  of  Uie  lower  ha^siii  of  Dej*ehnteji  River  L^  hi^^h  and  rolling  and  it  id 

diiiieult  to  irri^te,  exeept  from  tlie,  high  Iributariej^.     Crooked  liivpr 

h  an  iiiiix) riant  tributary  of  the  Dem^hutCH,  entering  it  from  the  *^ 

OmsidemblL^  irrigation,  prineiiMiUy  for  forage  crops,  in  practiced  injl* 

biii^in  alK»ve  Prineville.     The  station  on  I^escvhutes  River,  ejjtiiblii*hd 

October  19,  1897,  is  loeati^d  at  Mom,  3  uiilei4  abtivo  what  u  knowiiii 

the  **  free  bridge'-  and  1(>  luilei*  eiy^t  of  The  Dalle**,  Oregon,     TlieroJ 

i>i  incUaed.     The  bench  mark  in  the  head  of  a  nail  in  a  large  aMef 

tree,  to  which  the  rod  if*  i**pik<xl,  and  is  at  an  elevation  of  8.41  t^ 

above  gage  datum.     Di**i*harge  nu^ai^ureiiienti*  arc  taken  at  the  mm 

bridge  3  niilcM  Ijc1om\     The  section  here  is  poor,  owing  to  it*  rotkr 

crosis  secth>n.     The  cun*ent  ii*  quite  Kwift.     The  re^sults  of  meoiure- 

meniB  may  be  found  a^  follows:  1807,  Nineteenth  Annual  BeportjPiit 

IV,  page  97;   181*8,  Tiventicth  Annual  Report,  Part  IV,  page  514 

One  nieii^urement  of  di.seharge  wa^*  made  in  18^9  by  Sydney  ^imoHi 

on  June  10,  when,  at  a  gage  height  of  3.80  feet*  a  discharge  of  10,771 

aecond'feet  wus  fonufl. 
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A  survey  of  a  portion  of  Deschutes  River,  from  Pringle  Falls  above 
the  East  Fork  down  to  and  including  the  country  around  Prineville, 
on  Crooked  Hiver,  and  below  Warmspring,  was  made  during  May  and 
June,  1899,  by  Mr.  G.  F.  Allardt,  civil  engineer  for  the  Oregon  Irri- 
gation Company.  Sufficient  information  was  obtained  to  locate  the 
general  routes  of  the  main  irrigating  canals  and  to  determine  the  limits 
of  the  country  that  could  bo  watered.  The  following  details  are  taken 
from  the  report  by  Mr.  Allardt: 

Measurements  of  the  river  were  made  on  May  27,  1899,  at  Sizemore  bridge,  about 
1  mile  above  Emigrant  Ford,  giving  a  flow  of  3,014  second-feet.  At  the  time  of 
meuurement  the  river  was  somewhat  alx)ve  its  ordinary  stage  and  was  380  feet  wide, 
irith  an  average  depth  of  about  3  fe<»t  an<l  a  mean  velocity  of  nearly  3  feet  per  second. 
.\t  its  lowest  stage  the  discharge  of  the  river  was  estimated,  from  marks  pointed  out 
by  the  oldest  settlers,  to  amount  to  1,740  8iHY)nd-feet.  It  is  8tate<i  that  the  difference 
"between  the  high-  and  low-water  marks  <loe8  not  exceeil  2  feet  in  the  wider  portions 
ol  the  river. 

The  low  l)anks  of  the  river  make  ix)ssible  the  ^liversion  of  water  into  canals  by 
means  of  opt^n  cuts  from  the  river  channel  at  ix>intH  a  Hhf>rt  distance  above  the  vari- 
ous falls  or  rapids?,  thus  dispensing  with  dams.  The  slight  fluctuations  in  surface 
level  reduce  the  cost  of  head  works  to  a  minimum,  and  as  the  river  never  freezes 
it  is  unneceeeary  to  ailopt  precautionary  measures  against  ice. 

Five  principal  canals  were  surveyed,  leading  out  in  succession  from  the  east  or 
ngh^hand  side  of  the  river.  The  first  of  these  heads  at  Pringle  Falls  and  has  a 
kagth  of  30  miles;  the  next  heads  at  Benham  Falls,  18  miles  below,  and  has  a  length 
cf  15  miles;  the  third  heads  at  La\'a  Island,  4  miles  below,  and  has  a  length  of  34 
■flee;  the  fourth  heads  at  Emigrant  Ford,  6  miles  below,  and  has  a  length  of  33 
ttiln;  the  fifth,  or  North  canal,  heads  20  miles  below,  and  has  a  length  of  47  miles, 
extending  to  Trout  Creek.  The  follo\ring  table  gives  the  principal  facts  concerning 
^  acreage  irrigable  and  the  altitude  of  the  lands.  Of  the  total  acreage  about  one- 
^otuth,  or  92,000  acres,  is  timbered: 

Proposed  t'ntuU^from  Ikschntes  Rirrr. 


Name. 


Length.       Area  irrigable. ' 

r 


AlUtnde. 


Pringle  Fal  Is  canal 30 

Benham  Falls  canal 15 

Lava  Island  canal 34 

Emiflrant  Ford  canal 'X^ 

North  canal 47 

Total 159 


Acrefi, 
36,000 
22,000 
103,000 
168,000 
58,  (XX) 


Feet, 
4, 100-4, 300 
3, 800-4, 100 
3,600^3,800 
2,900-3,600 
2,400-2,900 


387,000     . 

!  I 


The  slope  of  the  irrigable  country  iumi  south  to  north  is  fairly  uniform,  averaging 
^bout  23  feet  to  the  mile.  The  soil  is  mainly  (•ompose<l  of  volcanic  ash  or  finely 
disintegrate*!  lava,  ea.yily  cultivated,  and  when  wot  of  a  dark  or  chocolate  color. 
About  one-fourth  of  the  irrigable  land  is  somewhat  stony  or  broken  by  outcroppings 
Of  lava.    The  rainfall  at  Prineville  averages  about  9  inches  per  annum. 

A  bulge  amount  of  power  can  be  created  by  the  use  of  the  surplus  waters  of  the  river, 

^  the  total  fall  of  the  river  is  1,360  feet  between  Pringle  Falls  and  Crooked  River. 

^t  18  estimated  that  more  than  50,000  effective  honsepower  can  be  produced  by 

Averting  the  water  by  means  of  short  flumes  and  without  the  constniction  of  dams. 
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HOO0  RIVER  AT  TOClCEtt,  OREGON. 


I 


This  I'ivor  nm^  nt  thti  base  of  Mount  Hootl,  which  hus 
of  U,2'i5  fiH*t  nnd  jm  oovered  with  nhow  throughout  the  year* 
up^K^r  p«rt  of  iU*  basin  is  mounttvitiou^  and  well  wooded.  Tho 
itiiclf  flow.^  in  H  vt*rv  iiarrow  valley  throughout  its  entire  couris 
empties  into  (>)lutiibia  River  almo^st  opposite  White  Salmon  1 

k which  enters  from  the  State  of  Washington,  Hood  River  Vail 
e-alled,  is  a  level,  elevat-ed  diwtriet,  i^xtendin^  from  the  edge  of  thi 
overlooking  Colmnbia  Ki\*er  southward  for  a  distance  of  from  7 
miles.  Thfl  river  in  its  30-mile  eoiu'se  has  a  heavy  fall,  so  that  ' 
diverting  water  from  it  can  in  a  ^bort  disftance  attain  eon  si  d 
elevation  aljove  the  river.  A  number  of  eanals  divert  wat^r  f ron 
Fork  and  from  the  main  Hood  River,  and  irrigate  the  teneh  land 
of  the  town  of  Hoodriver,  The  <-hief  products  are  bcrrie.^  and  1 
The  gaging  station,  establi.shed  Oetol>er  20^  1897,  is  located  at  Ti 
5  miles  south  of  Hoodriver,  Oregon,  The  rod  of  the  wire  gi 
nailed  to  a  wooden  member  of  the  bridge.  The  length  of  thi 
wire  is  33,85  feet  The  bottom  of  the  river  i^  a  rock  ledge  ai 
side8  are  preeipitous,  thus  insuring  a  stable  cross  section.     Re6i 

,  measurements  ma)'  be  found  a.^  follows:  18 97,  Ninet-eenth  A 
Report,  Part  IV,  page  499;  1B98,  Twentieth  Annual  Report,  Pa 
page  filti.  One  measurement  of  discharge  was  made  by  Sydney  J 
during  1*<99,  on  June  \K  when  at  a  gage  height  of  4.55  feet  a  disc 
of  2,548  second-feet  was  found. 
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2.  -JO 
2.  10 
2.  10 
2.  10 
2.  10 
2. '20 
2. -20  I 
2.  -20 
2.(X) 


3.  Ji! 
2.  M) 
2.  3(t 
2.  30 
2.  2*' 
2.  -JO 
2.  10 
2.  10 
2.  10 

2'  10 
2.  10 
2.  t«) 
].'.*) 

1  70 
\.^) 
2.00 

2.  'X> 
:^.  lit 
AAX) 

3.  tu^ 
3.  (K) 

2,  70 
2.  fxt 

2  :0 
2.  .X) 
2.  10 
2..'^0   ■ 

2.;%o 

2.  -JO 
2.  -20 


2.  in 
2.  10 
2.  'HI 
2.  2i' 
2.  A* 
2.  -21  • 
2.  7u 
2.  0(.> 

2   >f' 


2.  7(1 
2.  70 
2.M) 

2.  70 
2   S"> 


4.  10 

A.  M-> 
3  >> 
3.  JO 
3.  ;iit 
tV  CO 
.S.  SO 
7. -20 
6.  fO 
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WHITE   BIVEB   AT   BUCKLEY,  WASHINGTON. 

This  river  has  its  source  in  the  glaciers  of  Mount  Rainier,  in  the 
Oascade  Range  in  Washington,  and  flows  in  a  general  northwesterly 
iirection,  entering  Puget  Sound  at  Seattle.  Its  mountainous  collect- 
ing area  is  densely  forested,  and  owing  to  the  great  precipitation  on 
iie  western  slope  of  the  Cascade  Mountains  the  basin  has  a  high  run- 
>ff.  On  account  of  the  great  fall  of  the  rivers  on  the  western  slope 
>f  the  Cascade  Mountains  in  Washington,  there  are  a  number  of  fine 
(vater  powers.  These  have  lately  been  under  investigation.  In  order 
'x>  determine  the  amount  of  power  that  could  be  developed  on  White 
EUver,  a  station  was  established  by  Sydney  Arnold,  April  22,  1899,  at 
the  new  highway  bridge,  600  feet  above  the  Northern  Pacific  rail- 
wtLj  bridge,  and  one-half  mile  north  of  the  town  of  Buckley,  Wash- 
ington. The  location  is  in  sec.  34,  T.  20  N.,  R.  6  E.  of  the  Willamette 
meridian.  The  rod  of  the  wire  gage  is  fastened  to  the  guard  rail  of 
Che  highway  bridge.  The  length  of  the  wire  rope  is  20  feet.  The 
Blevation  of  the  top  of  the  guard  rail  at  the  pulley  is  19.66  feet  above 
gage  datum.  The  bridge  is  a  clear  span  of  180  feet,  crossing  the  river 
I  tiifle  obliquely.  The  channel  is  straight  for  some  distance  above 
uid  below  the  bridge,  but  the  section  is  not  a  very  good  One,  owing 
to  the  sudden  fall  a  short  distance  below.  About  300  feet  above  the 
bridge  is  a  good  section,  with  fine  gravel  bottom  in  calmer  water,  but 
in  order  to  utilize  it  it  would  be  necessary  to  erect  a  cable.  An 
examination  of  the  river  channel  for  some  distance  above  and  below 
this  point  was  made,  but  the  present  location  is  about  the  only  one 
available  for  accurate  results.  The  following  measurements  of  dis- 
charge were  made  by  Sydney  Arnold  in  1899; 

Ditcharge  meaguremmi*  of  White  River  at  Buckleijy  Washington. 


Date. 


Jum»5 ... 
June  21., 
July2?>  . 


hel?ht.|l"«'h.n^-- 


Fta. 

3.16 

Second-fe^. 
3,«25 

3.37 

3,971 

2.37 

2, 321 

2.05 

l.filM 

Date. 

Gero 
height. 

Discharge. 

Allgiist  23 

Feet. 
2.60 

Secfmd-feet. 

2,(fe6 

1,216 

1,015 

993 

September  13 

f^ptember  27 

October  9  .     . 

1.78 
1.66 
1.46 

r 

B          OFJCKATIORS    AT   BIVEE   8TATI0NS,   J8»9.— ^PABT   IV, 
DtiUy  gagt  heighl,  m/tsd,  0/  WhiU  Rimr  m  BucMqf,  Waxhingion,  far  igm. 

■ 

p»r. 

Apr. 

M»F. 

Jdoo. 

J^ay, 

Aw. 

Sffrt. 

0.1, 

l.€7 
1.4S 
1.40 
l.#0 
1,88 
1.38 

hm  I 

I.  IS 
1.15 
L45 
1.40 
1,40 
1.38 
1.29 
1.10 
3.10 
2.25 
1,96 
2.90 
2.45 
2.1s 
L03 
ITS 
1,95 
t,«S 

%n 
2,2s 

2.10 

1.90 
1.57 
V7h 

Kov- 

j,„ „*,.., »^*, 

1   2.0a 
Lm 

L7S 
L75 
l.M 

2.14 

2.7» 

S-17 
2.88 

±n 

2.28 

2.M 
2.^ 
2.^ 
X70 
2.7fi 
3.07 

H.RO 
3»06 
3.0ft 

2.  pa 

2.BS 
'2.7S 
2.66 

a.  Oft 

K.1V 

S.04 
4.00 
2.7S 
2.12 

lao 

3.81 
4.81 

3.8S 

rw 

S.2T 
3.05 
3.85 
S.1I6 
S.7fl 
3.50 
3.W7 

a.  28 

3,90 
3.42 
8.28 
3.15 
2.98 
J.  90 

a.  90 

2.75 

4.07 

Jt.47 

&.30 
2,t7 

2.96 
2.W 
8.00 
2.» 
8,05 

aoo 

3.18 
S.16 
8.20 

aai 

8.» 
S.15 
2.96 
2.90 

2.75 
2,55 

2.47 
2,45 
2.50 
2.87 
2.46 

2,78 
2.  BO 

2.m 

2.87 

3.SD 
2.17 
2,05 
2H0 
2.07 
'2,  OS 
2L0O 
2.0ft 
2.05 

zm 
1.95 

l.Sft 
LM 

2.27 
2.13 
i06 
2,05 
1-93 

i.g& 

1.85 
2.86 
Z<7 
2Ab 
2.05 
2.06 
2.10 
1.96 
l.Wfc 
l.«0 

l.ao 

2.00 

1.9a 

LM 
L» 
1.80 
1.76 
L«l 
1.0 
L65 
Lftft 
L70 

hm 

1.7S 
1.65 
1.65 
1.60 
1.60 
1.53 
L6» 
1.57 
l.fiO 
1.43 
1.40 
1.47 
l.«0 
1.00 

1.65  : 

1.45 
1.45 
1.78 

1.67 

um 

1.65 

ue5 

L80 
Lte 
1.96 
L75 

hn 

1.9a 

L90    ' 
1.80    , 

2.50    , 

2.ca 

2.63 

za5 

1.40 
4.50 

z.m 

3.85 

zm 

2.65    . 

zm 

2.27 

2.80    . 
8.10 
4,20 
S.96 

a.ao 

a.......*,*-.,-,,,,*. 

^1,    .,.,... **...,* 

4 -.,,.,..,. 

A,..,«..., — _.-. 
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>i 
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21 * .* 
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2,10 

1.96 
2.06 
2.06 

2.W 
SLUfi 

33....,,-,,-*-,,,.,,,. 

24 .*..-..,....... 

^_ 

afi....... 

m 

36 

■ 

27_^^, .......* 

■ 

2» , 

■ 

20 .»„ _ 

1 

»!...„ ,... 

■ 

\ 

CEDAR 

Tbiw  river  is  a  t 

mvEi 
ribufa 

I  AT  VAUGHN    BBJIKIE,   WAHHINOTON, 

iry  of  White  Eiver  nnd  has  it^  aoure^ 

western  slope  of  the  Cascade  Mountains.  Flowing  in  a  general 
westerly  direction,  it  enters  White  River  a  few  miles  above  its  1 
A  study  of  its  discharge  has  been  made  during  seveml  yet 
T.  A.  Noble,  for  the  Seattle  Power  Compan}-,  as  there  are  a  n 
of  fine  water-power  privileges  along  its  course.  The  station 
first  established  at  Cliflford  bridge,  but  was  moved  in  July,  IJ 
Vaughn  bridge,  15  miles  above,  and  about  3,000  feet  below  the 
of  Cedar  Lake.  The  drainage  area  at  this  point  is  80  square  miU 
order  to  reduce  the  gage  heights  to  sea-level  datum  1^90  feet  sho 
added.  The  channel  was  changed  during  the  high  water  of  is: 
1899,  so  that  all  readings  at  Vaughn  bridge  after  October,  IM 
not  absolutely  reliable. 
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DaSy  gage  height^  infeet^  of  Cedar  River  at  Vaughn  bridge^  Wathmglony  for  1898, 


D.y, 

jBir 

A^. 

fiW. 

Oct 

Kw, 

D«e. 

IMy. 

July. 

A!W. 

Sept. 

Oot 

Sew. 

Dml 

l,.„ 

%M 

1,50 

L» 

2.W 

^10 

2.40 

17. „„ 

1.80 

1.30 

1.20 

LW 

3.2& 

K70 

a..._ 

%^ 

l.» 

1.30 '2.10    2.fl£ 

2.3S 

IB 

1.S0 

1.30 

1,20 

t.so 

S.«l 

1.73 

3.„. 

^m 

1.50 

t»  ,  t*6    ^41 

2.« 

19 

1.90 

LSft 

1.20 

L80 

3.31 

1.80 

4 

£.2> 

LSO 

L40    LM    ^fiO 

2,30 

20 

1.90 

1.30 

1.30 

1.72 

3.20 

2.30 

IS.... 

Z1» 

L50 

L30'  L75  ,  ^73 

2.30 

21.. .„ 

ISO 

1.30 

l.tt 

1.74 

s.io 

2.30 

«.... 

2.20 

LfiO 

1.30 ;  1.70 1  ±m 

2.22 

22 

1.70 

l.W 

1.00 

1.74 

3.  to 

1.92 

7..., 

tio 

l.« 

L30     Lfia|2.»4 

2^22 

a 

1.70 

1.90 

i,7g 

L7ft 

2.TU 

2L27 

B.... 

2.10 

L« 

L90     L^ 

2,7Ti 

1.W 

»!...,. 

1.70 

L30 

1.00 

1.70 

2.OT 

2.98 

•.... 

2.OT 

t.« 

L30     L64 

2.  OS 

1.85 

a& — 

1.(10 

\M 

l.fiO 

L70 

2,M 

3.30    1 

10.... 

2.  on 

Ltt 

L20     Ld& 

^40 

1.80 

:  20 

l.flO 

1.30 

1.00 

1.70 

%U 

3.70 

Il„.. 

2.0O 

1.40 

1.20     K74 

2.31 

l.SO 

27 

l.flO 

1.30 

1.^ 

1.74 

2.50 

4. SO 

VI.... 

1.90 

L4D 

L30     L65 

zao 

1.74 

28,,... 

1.60 

i.ao 

LflO 

i.Sfi 

2,3a 

5.40 

IS.... 

l.» 

1.40,  l.'iA     I.W 

2.ai 

1.70 

29..... 

LflO 

1.30 

L71 

l.»7 

2.40 

4,00    ; 

14,... 

LW 

1.W 

1.20     1.90 

2.oe 

1.70 

SO 

1.50 

1.30 

1.96 

l.flO 

2.43 

3.50 

15.... 

l.N     l.« 

1.20     l.H 

2.13 

1.70 

1  31 

i.w 

1.30 

2.00 

3.40 

\  W..„ 

L80     LW 

I 

1.20     L94 

Z2& 

1.70 

DIJNOEXES8   BIVEB  AT  DUNOENESS,    WASHINGTON. 

This  river  rises  on  the  eastern  slope  of  the  Olympic  Mountains  and 
Hows  in  a  general  northerly  direction,  entering  the  strait  of  Juan  de 
Pttca  at  the  town  of  Dungeness,  Washington,  about  15  miles  east  of 
Port  Angeles.  Its  mountainous  drainage  basin  is  highly  picturesque 
ind  very  heavily  timbered.  Although  this  section  of  the  country 
receives  a  heavy  precipitation,  it  occurs  when  least  needed,  and  during 
the  summer  season  recourse  must  be  had  to  irrigation.  The  station 
originally  established — July  5,  1897 — ^was  located  9  miles  above  the 
DKmth  of  the  river.  July  29,  1898,  it  was  moved  to  the  bridge  8i 
miles  below.  This  bridge  crosses  the  river  diagonally,  at  an  angle  of 
iboat  15^.  The  length  of  the  wire  rope  of  the  gage  is  26.04  feet. 
The  results  of  measurements  may  be  found  as  follows:  1897,  Nine- 
teenth Annual  Report,  Part  IV,  page  504;  1898,  Twentieth  Annual 
Beport,  Part  IV,  page  518.  The  following  measurements  of  discharge 
•rere  noade  by  W.  J.  Ware  during  1899: 

Discharge  mefuuremenU  fjf  Ihiiigenetis  River  at  DungeiiesSf  Washington. 


Date. 


heSfht.     I'««^hBrKe. 


Fett. 

JaniiarySl 4.00 

February22 8.80 

Manh29 2.96 

April28 8.25 


Stwndr/eet. 
440 
443 
228 


I>au>. 


May  30 

Julys 

August  81  ... 
September  16 


hJilfhi.     I>J«'hance. 


4.10 
4.56 
3.35 
8.26 


Strtmd-feet. 
627 
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S.tiO 
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aoo 
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4.2» 

Svlf, 
4.40 

410 

6op4 
8.86 

Oft 
S.06 

Hot* 

£«& 

8.19 

fLU 

a,TO 

3.56 

8.00 

8.20 

CfiO 

446 

406 

8. 40     8.06 
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T.» 

%^m\ 

1.65 

s.ao 

3.06 

t.30 

4.60 

410 

4.00 

8.40   aoo 

1» 

4« 

4,   ,»*,,.»**. .iir„#. 

t.«6 

S.W 

3.10 

M6 
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460 

3.96 

8.40     9.00 
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s.«o 
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Ik  31 

t.4A 

8.4^ 

8.20 

8.30 

4.45 

4fiO 

4  on 

8.36     3.96 
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4» 

^tt 

t.4D 

3.40 

a,  30 

5.26 

440 
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40O 

8.36 

aoo 
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4» 

T...*. 

^M 

Utt 

8.tt 

8.86 

8.40 

44U 
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a.9u 

8.86 

2.96 

8.M 

4JI 

^s 

li 

a«& 

a.  40 

1.00 
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8.3U 
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4.99 
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9*.*. .,..«. *...•• 
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4  SO 
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4.40 
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9.96 

1« 
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in 
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tM 

a.B 
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8.46 

4.10 

4  00 
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Z90    ^m 

i» 
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4.  DO 
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m 
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IW 
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i« 
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KLWHA   BIVEB   AT  MCDONALD,  WA8HlNGTON\ 


This  river  riaca  in  tht*  Olympic  Mountains  and  flows  northerly,  ent'^r- 
ing  the  j^trait  of  Jimn  de  Fuca.  Its  upper  (msiii  is*  very  heavily  w<xKlt'4 
and  is  ulnuLst  inat-oassihU^  on  aoeouiit  of  its  rugged  character  iirni  i^^' 
densp  undergrowth  that  i-nyrrn  the  nuiuiitaiu  sloi>ej:t.  In  ihr  Iow<t 
I'oiirsr  uf  tin-  river  a  nuruht^r  of  falls  oin-ur  where  [K)vver  muM  ^"^ 
jidvanbit^'^rously  ili'velojx^d.  iukI  within  thr  lu.st  few  Vf^ar^s  survi^y^  bi^* 
injr  tills  olijeet  in  virw  Innr  tjiM'ri  [iJa(h\ 

Mursi"  Hivi^r  tlniius  u  .small  juvu  i^ast  of  101  w ha  Kiv*M\  It  rti>^> 
nfirtliward,  vntiMnni;  thr  strnit  of  *(uan  de  Fiu-a  4  nnle.^  *'n>i  of  IVrt 
Aiijjri^l(*s,  IMans  t'onteTiipIatiiit;;  tin*  use  of  thi."^  streftiii  for  the  <  iiv  a\\*' 
ply  "f  Port  An*rtd*.'s  are  under  ronsid^'nition.  Thi'  river  al^^^e  fnf 
Jii.she.s  oi)port  unities  for  I  lie  developJiunt  of  wjiter  puwi  r.  Tbtvi' 
nieai^uretnent,**  of  the  dlsrliartji*  of  the  river  were  made  liy  ^^  .  J.  W'M'*' 
in  ISltii.  The  fir,st,  on  Juni*  :i,  showed  a  disrhar^^e  of  '■2^2  st'eoiul-f^vE: 
the  seeond,  nn  Julv  *!.  >ht>\ved  a  diseliargi*  of  IS1<  ^eeond-feet;  tlhthn'LiN 
t>ri  Si -^pte ruber  l.^^  ^T^ive  a  disehari^e  of  ii'i  scn^otul  feeL 

Indian  (*reek  is  a  trihutary  (»f  Elwha  Uiver,  enteriiij^'  it  fruia  lli' 
west  alnjiit  oiie-fourth  of  a  ntile  Induw  tlu'  j^mginj4'  sialioiu  On  Juh''  1'' 
it  svas  discliaitjing  4-5  se(^ond-feet. 

Ltttle  Rive  I'  is  another  tributary  <»f  Khvlni  Ki\'er  and  i-riters  it  fi^^t- 
the  east  side  about  onr-fonrth  of  a  mile  below  the  bridge  at  wliielj  l^J'' 
gaging  station  mi  the  niaiii  stresun  i.^  It^rateil.  On  dnae  1*;  it  wa>t':it 
rylu^  H4  sr^eond-fei'L 
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lam  River  drains  an  area  in  northwest  Washington,  entering  the 
of  Juan  de  Fuca  at  the  town  of  Elast  Clallam.  On  March  22, 
its  discharge,  as  measured  by  W.  J.  Ware,  was  found  to  be  45 
i-feet 

gaging  station  on  Elwha  River,  established  October  8,  1897,  is 
i  9  miles  southwest  of  Port  Angeles,  at  the  new  county  bridge 
llam  County,  Washington.  The  horizontal  rod  of  the  wire  gage 
ened  to  the  guard  rail  at  the  north  side  of  the  bridge.  The 
of  the  gage  wire  is  49.26  feet.  The  bench  mark  is  the  top  edge 
top  side  rail  on  the  north  side  of  the  bridge  at  the  third  upright 
"om  the  east  end,  and  is  at  an  elevation  of  41.84  feet  above  datum, 
lannel  is  straight  for  some  distance  above  and  l>elow  the  station. 
Nuiks  are  high  and  roi^ky  and  will  not  overflow.  The  bed  of  the 
I  is  rocky.  The  results  of  measurements  may  bo  found  as  fol- 
1897,  Nineteenth  Annual  Report,  Part  IV,  page  500;  1898, 
ieth  Annual  Repoit,  Part  IV,  page  521.  The  following  discharge 
rements  were  made  by  W.  J.  Ware  during  1899: 

January  27,  gage  height,  3.29  feet;  dineharge,  1,978  necond-feet. 
March  18,  gage  height,  2.20  feet;  dischai^,  674  second  feet. 
March  31,  gage  height,  1.75  feet;  discharge,  547  second-feet. 
April  24,  gage  height,  2. 15  feet;  diacharge,  727  second-feet 
June  16,  gage  height,  4.10  feet;  diachai^ge,  2,420  second-feet 
July  31,  gage  height,  ^.40  feet;  dischai^ge,  1,644  second-feet 
August  30,  gage  height,  1.95  feet;  discharge,  586  second-feet 

oily  gage  height,  in  feet,  of  Elwha  River  at  McDonald,  Washington,  for  1899, 
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CAU)WA    BIV^R  AT   FORKH,    WASlHIKOTON* 

This  rirer  hnw  itn  ^oiirfe  on  the  weHtern  .slo^^s  of  the  Olympie  M^ 
Uiitii*,  and  How.^i  in  a  gene  ml  westerly  and  southerly  direction,  unii 
with  thti  S<*ldiKtk  and  Bogucbiel  rivers,  to  fomi  Qtiilhty ote  River,  whii 
entern  the*  Paeitir  Ot  (?aii  at  La  push,  Wa8hiiigftun.     The  gaging  static 

I6StftbIii!»hiMi  Nuveinbor  1%  1897,  U  locnted  jit  the  t^Duuty  highway  brii 
ia  the  south wt?*itt«rti  part  of  Oalkm  County,  near  Forks*,  Washingt* 
and  ii<  i*eaeh*Hi  f\y  rtteftuier  from  Port  An*^eleti  to  Clallani  Bay, 
thiineu  overland  tiU  niilc**  by  wagon*     The  hori^ontjil  rtnl  of  the  wii 
gSkgQ  iu  nailed  to  the  railing  of  the  wagon  bridge.     The  bankjs  are  hij 
^  and  ro**k y,  and  dti  not  overflow*     The  result**  of  measurements  may 
ft, found  a^  follows:  ISUT  and  1898,  Twentieth  Annual  Rejxirt,  Part  I 
B|l|gt  53S.     Three  measurements  of  diftcliarge  wer«*  made  by  W,  J.  Wj 
during  180@.     The  first,  on  Mar(?h  M.  at  a  gage  height  of  ljj5  t^i^^ 
gSV0  m  dtacharge  of  584  seeond*feet;  the  second,  on  June  :^3,  at  a  gige 
height  of  0.85  foot^  showed  a  discharge  of  S65  *^eond-feet:  the  thii 

Imeasui*emeat,  ou  September  12^  at  a  gage  height  of  0*20  foot,  i*howed 
R  di^*harge  of  81  second-feet* 


Dtxily  gogt  het^U,  infi^  o/  QM/Urwa  Ri^er  fU  f  bribs,  WdMhiit^n^  for  iS9&, 
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MH.Dl  (  K    KIVEK    AT    gUILLAVlTK,   WAJSHlNCJTON. 

This  river  has  its  source  on  the  high  western  slope  of  the  Olympic 
Mountains,  and  drains  the  country  immediately  north  of  the  Calowa, 
joining  it,  as  noted  above,  to  form  Quillayute  Uiver.     The  dniiiiaire 
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asin  is  A'en'  heavily  wooded,  the  greater  portion  of  it  being  included 
1  the  Olympic  Forest  Resei^ve.  The  station,  ciitablished  November 
S,  1897,  is  located  at  the  county  highway  bridge  9  miles  northeast  of 
Apush,  near  Quillayute,  Washington.  The  horizontal  rod  of  the 
rire  gage  is  fastened  to  the  rail  of  the  wagon  bridge.  The  channel  is 
bndght  for  some  distance  above  and  below  the  station.  The  banks 
re  high  and  rocky  and  do  not  overflow.  The  Iwd  of  the  stream  is 
omposed  of  rock  and  gravel  and  is  not  liable  to  change.  The  revolts 
I  measurements  for  1897  and  1898  may  be  found  in  the  Twentieth 
Annual  Report,  Part  IV,  page  523.  Three  measurements  of  discharge 
fere  made  by  W.  J.  Ware  in  1899:  The  first,  on  March  24,  at  a  gage 
Might  of  3.15  feet,  showed  a  discharge  of  1,023  second-feet;  the 
ncond,  on  June  23,  at  a  gage  height  of  3.20  feet,  gave  a  discharge  of 
900  second-feet;  the  third,  on  Septemlx^r  12,  at  a  gage  height  of  1.55 
leet,  gave  a  discharge  of  297  second-feet. 

Daily  gage  height,  in  feet,  (tf  Stthlnrk  River  at  Quillat/utt;   Washington,  for  1899. 
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SACKAMKXTO    KIVKK    AT   JKLLYS    FKRKV,  CALIFORNIA. 

This  river  rises  in  the  extreme  northeastern  corner  of  California 
dd  flows  in  a  general  southerly  direction,  draining  the  large  area  in 
orthern  California  Initween  the  Coast  Range  on  the  W4»st  and  the 
ierra  Nevada  on  the  east.  It  dis<'harges  into  San  Francisco  Bay.  A 
umber  of  storage  reservoirs  have  lx;en  constructed  on  the  various 
ributaries  of  the  river,  and  are  used  principally  for  hydraulic  mining 
orpoaes  and  to  a  less  extent  for  irrigation.     The  gaging  station, 
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isBtablished  April  3(),  1S0&,  is  loeat*Ki  12  niik**  abavi*  tha  U>wii  of  Eed^ 
bliilf,  ftt  tbo  crossing  of  this  county  mad  at  Jelly**  Ferry.     The  gage 
consUt8  of  ft  vortit'ttl  rod  luude  in  thrt*^  ni^rtioriE  and  nailed  finnly  to 
treeg  near  the  ftnTy  landing.     A  8e\>Dtid  nnl  is  k»auM  1,^00  feetaboFS 
the  gage^  and  a  third  one  850  feet  below  the  niain  Tod^  in  order  ta 
determines  tht^  E^lapc  of  tht^  water  8urfju*i^     Thr^  thre4?  rods  ar«  referred 
to  tiie  ^me  datum.     Bench  mark  No.  I  is  on  an  imk  tree  on  the  left 
liank,  l,aiwj  feet  above  the  ferry  and  tJ5  feet  north  of  the  upper  rod, 
and  18  ii2,T24  feet  above  gage  datum.     Bt^nch  mark  Ko.  2  h  on  an  oal 
tree  on  the  left  Imnk  of  the  river,  3(W)  ft*et  lieluw  tiie  c^ble,  and  h  ^t.m 
feet  above  gage  datum.     The  ferry  (?alilc  iw  used  in  the  dtJic^hai^ 
measurements.     The  channel  for  1,Chn)  fct4  atove  and  below  the^^ti- 
tion  11^  nearly  straight*     The  right  Imnk  i.^  high,  hnt  the  left  bank  is 
liable  to  overflow  when  the  water  rise^  above  the  25-foot  mark.    The 
bed   of   the   ntream   consist^s  of  gi^avel   and   changes   only   sligbUj. 
Kesultn  of  mea^uretiientt4  niay  be  found  lus  follows;  181*6,  Eighteenth 
Aimual  lieport^  Part  IY\  page  367 1  181*7,  Nineteenth  Annual  Report, 
Part  IV,  page  509;  18^8,  Twentieth  Annual  Report,  Part  IV,  page^^i^. 
The  following  measure  mentis  of  discharge  were  made  under  the  direc- 
tion of  J.  B,  Lippincott: 
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oily  goge  heighiy  infuij  of  Sacramento  River  at  JfUy$  Ferry,  CtUi/omia^  fur  1S99. 


Day.  Jan.     Feb.     Mar.    Apr.    May.  June.  July.  Aug.  Sept.    Ck.t.     Nov.      Dec. 
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SAX   MATEO   CREEIL,    CALIFORNIA. 

an  Francisco  obtains  its  domestic  water  supply  from  a  series  of 
ounding  reservoirs  located  in  the  southern  portion  of  the  peninsula 
ween  San  Francisco  Bay  and  the  Pacific  Ocean.  The  drainage 
n  of  these  reservoirs  ranges  in  elevation  from  25U  to  1,8(.K)  feet, 
1  an  average  of  about  750  feet.  The  hills  are  undulating.  There 
limited  growth  of  timber  on  the  northern  slopes  near  the  summit, 
a  large  amount  of  brush  covers  other  jwrtions  of  the  basin.  On 
southern  slopes  and  crests  the  hills  are  frequently  l>are  of  brush, 

are  covered  with  grasses.  The  Spring  Valley  Water  Company 
IS  the  entire  area  of  the  drainage  Jmsin  and  protects  the  forest 
ering,  not  even  pennitting  grazing  within  its  limits.  Mr.  Herman 
ussier,  chief  engineer  of  the  water  ronipany,  has  furnished  this 
?e  with  a  statement  of  the  rainfall  and  run-otf  of  the  drainage 
ins  which  contribute  to  the  water  supply  under  the  control  of  the 
ipany.  The  table  given  l)elow  extends  from  I86t^  to  the  present 
?,  and  shows  the  seasonal  rainfalK  together  with  the  percentage 
ected  in  the  reservoirs.  The  rei'ord  is,  therefore,  thirty  yeai-s  in 
jth,  and  is  by  far  the  oldest  table  of  run-otf  in  the  State,  thus 
jing  it  of  unusual  value.  The  seasonal  year,  rather  than  the  calen- 
,  is  given.  Column  No.  1  shows  the  year;  column  No.  2  the  inches 
rainfall  in  the  respective  Inusins:  column  No.  3  the  percentage  of 

rainfall  which  is  caught  and  delivered,  the  evaporation  being 
ucted.     The  portion  of  the  dis<.*harge  table  marked  ^^Southeasterly 


^ 
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portiDn  of  the  watershed  soiitbeast  of  old  dam/"  etc.,  refers  to 
arcit  a}>ove  the  reservoir,  which  was  constructed  at  an  earlj  date*    At  J 
a  hiter  period,  at  a  point  lower  down  the  stream,  the  Cryt^tal  Spring 
daiu  wa8  constructed  and  flooded  w  ater  over  the  top  of  the  origin 
ckm  and  into  the  valleys  of  other  streams.     This  cxplaitis  the  oh 
in  the  d< ascription  of  the  dminagfe  basin  which  occurs  in  1888. 
portion  of  the  table  marked  *"  Alxive  southeajsterly  and  northea^^terl] 
pcirtion  of  pf^niniiula  watershed,  total  Ciystal  Lake  drainagie,"  is  fa 
the  entire  area  above  the  Crystal  Springs  gag^  datum.     The  remirl 
ahle  variation  la  percentage  strikingly  illustrates  the  necessity 
storing  water  fiiini  the  drainage  Imi^ins  in  order  to  provide  for  perio 
of  drought*     In  the  west4>rn  portion  of  the  drainage  Ims^in  there  «1 
pnutically  no  run-otf  in  the  season  of  1876-77,  and  in  the  e^terly  pop 
Uoo  of  the  basin  there  was  practically  no  run-off  in  the  season* ' 
1881-82,  1882-83,  and  1897-98.     It  would  therefore  b*^  necessary  1 
atore  enough  water  in   the   reservoirs  to  furnish  a  supply  for 
summerw  and  at  least  one  winter.     Another  feature  of  iuterewt  i 
this  table  is  that  while  the    run-off   in  the  sejisonsi  of   1881-8i  an^' 
188it-8H  wiis  practit^Uy  nothing  from  the  easterly  portion  of  the  badn, 
the  percentage  of  iminfall  in  the  western  portion  of  the  watershed  wail 
29-4  and  23,  respectively. 

RfiinffxU  tmd  rttn-offfram  bamn  of  San  M^/^  Crmh,  Cbh/cmncu 
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STANISLAUS  RIVER  AT  OAKDALE,  CALIFORNIA. 

This  river  has  its  source  on  the  western  slope  of  the  Sierras  NevaHa 
I  Califomia.  It  drains  a  country  between  the  basins  of  Mokelumne 
iver  on  the  north  and  Tuolumne  River  on  the  south,  and  flows  in  a 
eneral  southwesterly  direction,  entering  San  Joaquin  River  23  miles 
bove  Stockton.  A  number  of  canals  divert  water  from  this  stream, 
D  either  side,  the  principal  one  being  the  canal  of  the  Stanislaus  and 
an  Joaquin  Water  Company,  which  irrigates  lands  in  the  vicinity  of 
takdale  and  between  Knights  Ferry  and  Stockton.  The  present  loca- 
bn  of  the  station  is  1,000  feet  below  the  railroad  bridge  .and  one-half 
(die  north  of  the  town  of  Oakdalo,  California.  The  station  as  first 
istablished.  May  3,  1895,  was  at  the  railroad  bridge,  but  on  July  80, 
A98,  a  c^ble  was  stretched  across  the  river  at  the  present  location,  at 
L  W.  Bell's  ranch  house.  The  channel  of  the  river  is  straight  for 
wnft  distance  above  and  Inflow  the  station,  but  the  })ed  is  of  sand  and 
iable  to  shift  at  times  of  sudden  change  in  the  volume  of  the  river. 
)n  this  a<count  numerous  discharge  measurements  will  have  to  })e 
Qade  each  year  in  order  to  construct  an  accurate  rating  curve  for  the 
tfttion. 

The  canal  of  the  Stanislaus  and  San  Joaquin  Water  Company  diverts 
ater  from  Stanislaus  River  at  a  point  3  miles  above  Knights  Ferry, 
r  approximately  15  miles  above  Oakdale.  The  volume  of  this  canal 
.  what  is  known  as  Section  3  was  rated  on  June  1,  1898,  by  turn- 
g  in  various  amounts  of  water  and  measuring  the  same  with  a  meter. 
was  found  on  June  6,  1899,  that  silt  had  accumulated  in  the  l>ottom 
!  the  flume  at  the  old  gage,  and  a  new  station  was  adopted.  This 
lint  was  rated  similarly  to  the  one  of  the  year  previous.  The  super- 
itendent  for  the  canal  company,  Jamei)  Y.  Beveridge,  kindly  reports 
le  depths  of  water  at  this  station,  and  from  the  rating  tables  dis- 
larges  are  computed.  The  observations  on  the  gage  rod  are  ac(nirate, 
at  during  the  spring  and  fall,  when  the  amount  of  water  which  is  used 
)r  irrigation  is  not  important,  it  is  difficult  to  obtain  jiccurato  reports, 
ecause  it  is  of  no  particular  interest  to  the  canal  company  to  record 
lem.  The  results  of  measurements  may  be  found  jis  follows:  1896, 
Sghteenth  Annual  Report,  Part  IV,  page  371;  1897,  Nineteenth 
annual  Report,  Part  IV,  page  511;  1898,  Twentieth  Annual  Report, 
^Tt  IV,  page  530.  The  following  measurements  of  discharge  of  the 
^islaus  and  San  Joaquin  Water  Company's  canal  were  made  under 
be  direction  of  Mr.  J.  B.  Lippincott  during  1899: 

*  May  19,  gafce  heij?ht,  0.4o  foot;  discharge,  73.5  neoond-feet. 
June  6,  gage  height,  2.37  feet;  discharge,  71.40  second-feet. 
June  6,  gage  height,  2.95  feet;  discharge,  52.28  second-feet. 
June  6,  gage  height,  3.64  feet;  dischai^,  30.60  second-feet. 
June  6,  gage  height,  4.85  feet;  discharge,  0.00  second-feet. 


1  MeMnrement  made  at  old  Btation:  new  rod  read  2.28. 
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TUOLUMNE   RIVER  AT  LAGRANGE,    CALIFORNIA. 

This  river  rises  on  the  western  slope  of  the  Sierras  Nevada  in  Cali- 
ornia,  and  drains  the  country  located  between  Stanislaus  River  on  the 
lorth  and  Merced  River  on  the  south.  The  northern  half  of  the 
Tosemite  National  Park  includes  a  portion  of  the  drainage  basin  of 
his  stream.  The  river  is  fed  largely  from  small  mountain  lakes  ocour- 
ing  high  in  the  drainage  basin,  where  the  snow  remains  on  the  moun- 
fidn  slopes  throughout  the  vear,  thus  insuring  a  large  run-off.  The 
bream  has  a  heavy  fall,  and  the  opportunities  for  power  development 
re  numerous.  There  are  also  a  number  of  reservoir  sites  in  the  basin 
'^here  water  could  be  stored  during  the  irrigation  season.  The  station, 
stablished  August  29,  1895,  is  located  at  the  wagon  bridge  in  the  town 
t  Lagrange,  California.  The  rod  is  vertical  and  bolted  to  the  right- 
and  pier  of  the  bridge.  The  bench  mark  is  a  nail  driven  into  the 
ottom  of  the  west  post  of  the  tifth  bent  south  of  the  south  iron  cylin- 
er,  and  is  15.81  feet  alK>ve  gage  datum.  The  station  is  located  below 
he  high  dam  of  the  Turlock  and  Modesto  irrigation  districts,  and  also 
•elow  the  head  of  the  canal  of  the  I^grange  Hydraulic  Mining  Com- 
•any.     This  latter  canal  diverts  water  from  the  left  bank  of  the  river 

mOes  above  Lagrange  dam.  During  1898  water  was  first  turned 
own  the  Turlock  canal  in  small  quantity,  and  was  used  for  puddling 
be  banks  and  testing  dams  of  certain  reservoirs.  Whenever  measure- 
lents  at  the  gaging  station  were  made,  the  Turlock  canal  and  the 
lining  company's  canal  were  also  measured.  The  channel  at  the 
tation,  both  above  and  below  the  bridge,  is  straight  for  several  hun- 
red  feet,  and  the  velocity  of  the  stream  is  quite  uniform.  Both  banks 
re  high  and  not  subject  to  overflow.  The  results  of  measurements 
lay  be  found  as  follows:  1896,  Eighteenth  Annual  Report,  Part  IV, 
age  381;  1897,  Nineteenth  Annual  Report,  Part  IV,  page  513;  1898, 
Wentieth  Annual  Report,  Part  IV,  page  532.  The  following  meas- 
rements  were  made  under  the  direction  of  J.  R.  Lippincott  during 
i99: 

Disrhnrfjc  tueajnirenienfjf  of  Turfork  nninf  for  1SV9. 

April  20,  dischaiye,  10  wcond-feet. 
April  21,  discharge,  10  second-feet. 
May  19,  discharge,  61  second-feet. 
June  6,  discharge,  10  second-feet. 
June  29,  discharge,  18  second-feet. 
August  3,  discharge,  85  second-feet. 
September  11,  discharge,  29  second-feet. 
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iHtOkar^  mgoMHremmiM  ^f  Luffrange  Hf/drauHc  and  Mining  Qmipmiff's  ctmdjorM 


April  20,  dbrlmrge,  S3. 5  eecond-feet, 
AjiHI  21 ,  rlii*chftT|Ee^  2Ei5  s@eond-fcet. 
^uy  19,  dm'tiar)2:e,  24  eeGotid-feet. 
Jtiiif!^  ^t  dbohargCf  24  eecond-feek 
JuEitf  29|  diBchaige*  24  Beuond'feet, 
Augiifit  3f  dbdmfge,  24  second *fe<^. 
B^ptomber  11,  dl^tcharigCT  24  eei  otLd-foet. 


ffim^tarfff  meamtfYmenit  0/  Tttotumjit  River  nt  La^rangt^  OU}/&mvt^fer  i69^ 


Hart-'h  3^  i^tgi^  hoijfht,  5  fpet;  dinchat^,  774  secoiid-Ceel. 
April  20,  pape  height,  7.55  feet;  discharge,  5,712  second-feet. 

April  21,  giigc  height,  7.85  fet^t;  «li.soliarge,  6,943  second-lVit. 
May  19,  giige  height,  (J. 72  feet;  di.Si'harge,  3,616  second-feet. 
,Iiine  6,  gage  height,  S.47  feet;  di.>icharge,  8,964  second-feet. 
June  29,  gage  height,  6.15  feet;  discharge,  2,347  second-feet. 
August  3,  gage  height,  3.70  feet;  discharge,  23  second-feet. 
SeptendxT  11,  gage  heiglit,  3.58  feet;  discharge,  12  second-feet. 
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SAX   JOAQUIN    KIVEK   AT   IIERNDON,  CALIl-XDRKIA. 

The  headwater  tributaries  of  this  river  receive  the  drainage  from 
:  eresttJ  of  the  Sierras  Nevada  north  of  Mount  Whitney.  The  fall 
the  river  is  rapid,  with  many  favorable  locations  for  power  develop- 
nt,  and  in  one  c*ase  advantage  has  btn^n  taken  of  the  fall  on  the 
ilh  Fork  and  a  ix)wer  plant  constructed  developing  electric  power 
'  transmission  to  Fresno  and  Hanford,  California.  During  the  last 
ir  a  second  storage  reservoir  hjis  l)een  under  course  of  construc- 
n  on  the  North  Fork,  which  will  tend  further  to  regulate  the  flow 
the  river.  No  ]K»rmanent  diversions  aljove  the  gaging  station  arc 
.de,  but  the  water  is  extensively  used  })elow  for  irrigation  purposes, 
e  station  was  <»sta})lished  by  the  Southern  Pacific  Railway  Comimn}' 
187i^.  The  (^)ld  trestle  bridge  was  torn  down  by  the  i*ailroad  com- 
ny  during  the  last  year  and  a  new  iron  structure  was  erected  in 

place.  This  ncccssitat«*d  si  now  gage  rod.  which  was  referred 
the  datum  of  the  old  gage  and  }H:)lted  to  the  western  side  of  the 
iitnd  concrete  pier.  Tlie  l)ench  mark  is  a  nail  in  a  post  at  the 
Jth  end  of  the  bridg<*  on  the  we.^^t  side,  0.:^  foot  above  the  ground 
i  marked  ''B.  M.*'  It  is  jit  an  elevation  of  :^4.1:^  feet  above  gjige 
'Urn.  The  channel  for  .>ome  distance  above  and  below  the  bridge 
straight  and  the  water  has  a  uniform  vekx'ity.  The  right  bank  is 
'h,  rocky,  and  steep.  The  bed  of  the  stream  is  of  sand  and  gravel. 
s  results  of  measurements  may  l>c  found  as  follows:  1896,  Eighteenth 
Oual  Report,  Part  IV,  page  387;  1897,  Nineteenth  Annual  Report, 
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Lrt  IV,  page  M6;  1898,  Tirentieth  Arinim)  llepr^rt.  Pan  IV, 
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OPERATIONS  AT  RIVER  STATIONS,  1899. 

PART    V. 


]SOIASUR13krENT8   AT   RIVER    STATIONS.' 

KINGS  BIVER  AT  RED   MOUNTAIN,  CALIFORNIA. 

rhis  river  rises  on  the  western  slope  of  the  Sierra  Nevadti  in  Fresno 
unty,  California.  The  waters  coming  from  the  high  catchment  basin 
)  probably  of  greater  value  for  irrigatioa  purposes  than  those  of  any 
ter  stream  in  central  California,  being  used  exclusively  for  the  rais- 
f  of  grapes  and  deciduous  fruits  in  the  neighborhood  of  Fresno, 
ima,  and  Ilanford.  The  summer  flow  of  this  river  is  now  entirely 
'erted,  and  during  the  dry  season  of  the  last  few  years  the  scarcity 
water  has  worked  many  hardships.  There  is  a  large  surplus  of 
ter  in  this  river  in  the  spring  of  the  year,  due  to  the  melting  of 
►ws,  which  is  now  going  to  waste,  and  which,  if  stored  in  suitable 
ervoirs,  would  bring  larger  areas  under  cultivation.  The  moun- 
lous  basin  of  this  river  has  never  been  systematically  explored  for 
ervoir  sites.  Two  gaging  stations  were  formerly  maintained  on 
river;  one  at  Red  Mountain  and  the  other  at  Kingsburg,  Galifor- 
The  station  at  Bed  Mountain,  established  September  3, 1895,  is 
ited  15  miles  east  of  Sanger,  California,  and  southwest  of  Bed 
iintain.  The  station  is  on  what  is  called  "  the  lower  section  of  No. 
of  the  lumber  flume.  It  is  located  at  the  mouth  of  the  canyon, 
►ve  all  diversions.  The  bed  of  the  stream  is  of  gravel,  and  few 
nges  have  been  noticed  in  the  cross  section  since  the  establishment 
he  station.  The  results  of  measurements  may  be  found  as  follows: 
«,  Eighteenth  Annual  Beport,  Part  IV,  page  392;  1897,  Nineteenth 
nual  Beport,  Part  IV,  page  519;  1898,  Twentieth  Annual  Beport, 
rt  rV,  page  535.  The  following  discharge  measurements  were  made 
ler  the  direction  of  J.  B.  Lippincott  during  1899: 

DiM-harge.  mtu^umnenlH  of  K'nujM  Ritn^r  at  Rfd  MminUiiriy  Cali/oniia. 

1899. 


Date 

Gagf 
height. 

I>i^^■harg(^ 

r>ato. 

Gago 
height. 

Dlficharge. 

Aprill9 

Feet. 

8.8 
8.15 
7.85 
7.23 

Sectrtut-feel. ' 
5,4(19 
4.422 
3.954 
8,049 

August  2 

4.66 
3.8 
4.36 
5.3 

Sre<md-frd. 

206 

458 

a974 

May  15 

September  4 

June  3 

December  8 

Jnn«  2^ 

December  21 

a  Measured  at  {mint  2  miles  below  gaging  station. 


lOontiniied  from  Water43upplx  and  Iirigation  Paper  No.  88. 
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KINGe  EIVEB  AT  KIKOS&U&Q,  CAUPOMKIAi 


The  Southern  Pacific  Railway  Company  ha«  maiAtaiiied  gage  re«d* 
lii|(M  at  the  railroad  bridge  1  mile  south  of  Kings burg^  stuee  TO. 
Atti^mpt^  have  been  made  in  previous  years  to  establish  ti  r^tin^  curve 
for  this  station,  but  it  has  been  found  impossible  to  do  so  on  account 
of  the  fluctuations  of  the  water  surface  caused  by  the  manipulation  of 
the  head  ^tes  of  the  People's  canal,  2  miles  below,  and  also  on  account 
of  the  changes  in  the  sandy  bed  of  the  river.  The  railroad  comjxinv 
has  maintained  daily  gage  readings  as  given  on  the  following  pige. 
No  measurements  of  discharge  were  made  at  this  point  duriiijr  IM^9. 
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Daily  gage  height,  in  feet,  of  Kings  River  at  Kingtburg,  Oal\famiay  for  1899, 
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KEBN   RIVEB  NEAB  BAKERSFIELD,  CALIFORNIA. 

This  river  issues  from  the  southern  extremity  of  the  Sierra  Nevada, 
being  formed  by  the  junction  of  the  North  Fork  and  the  South  Fork 
I  short  distance  below  Kernville.  The  run-off  from  this  basin  is 
notably  less  than  from  the  northern  tributaries  of  San  Joaquin  River, 
irhich  may  be  due  to  the  fact  that  a  portion  of  the  basin  is  located  east 
>f  the  main  crest  of  the  mountains  and  is  therefore  protected  from 
the  water-bearing  clouds.  Most  of  the  water  of  Kern  River  is  used 
for  irrigation  by  the  large  canals  in  the  southern  end  of  San  Joaquin 
Valley.  The  winter  waters  are  in  part  stored  in  Buena  Vista  Lake, 
v^hich  was  a  number  of  years  ago  converted  into  a  storage  reservoir, 
rhe  station  was  established  in  1893  by  Mr.  Walter  James,  chief 
engineer  of  the  Kern  County  Land  Company,  and  is  located  at  what 
is  known  as  ''the  first  point  of  measurement,"  5  miles  above  Bakers- 
Seld  and  at  the  mouth  of  the  canyon  of  the  river.  Meter  measure- 
ments are  taken  once  a  week,  and  an  automatic  gage  records  the 
fluctuations  of  the  river  heights.  Mr.  A.  K.  Warren,  the  engineer 
in  charge  of  this  work  for  the  Kern  County  Land  Company,  attends 
to  the  measurements  with  much  accuracy  and  precision,  and  furnishes 
this  office  with  the  final  results.  The  results  of  measurements  may  be 
found  as  follows:  1896,  Eighteenth  Annual  Report,  Part  IV,  page  297; 
1897,  Nineteenth  Annual  Report,  Part  IV,  page  523;  1898,  Twentieth 
Annual  Report,  Part  IV,  page  536. 
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>?i7i/  dixrhargfy  in  serond-feei^  of  Kern  River  at  ** first  point  of  measurement,^*  Cali- 
fornia— Continued. 


1898. 


Ihiy. 


Jan. 


8.. 

9.. 
10.. 
11.. 
12.. 
13. 
14.. 
15.. 
16.. 
17.. 
Ih.. 
19.. 
20.. 
21.. 
22.. 
23.. 
24.. 
2ft.. 


27.. 
28.. 


30.. 
81-. 


Mean. 


381 
381 
391 
368 
351 
3H6 
355 
379 
376 
386 
373 
359 
348 
356 
365 
317 
340 
357 
342 
347 
350 
887 
342 
888 
825 


868    484 


Mar.  Apr. 


435 

414 

430 

4S6 

422 

402 

418 

427  I 

434  I 

458  ' 

479 

448  ; 

406 

388 

373 

373 

381 : 

374 
364 

33;^ 

335 

:i48 

332 
323 
:)38 
356 
348 

3a 


379 


385 
400 
401 
381 
414 
474 
465 
451 
488 
552 
593 
601 
632 
667 
698 
718 
755 
804 
879 
944 
816 
777 
821 
996 
1,108 
1,233 
1.287 
1,227 
995 


710 


877 
790 
711 
678 
670 
632 
580 
613 
659 
712 
839 
921 
9W 
928 
874 
889 
837 
807 
781 
?23 
657 
611 
620 
638 
635 
613 
720 
818 
771 
675 
612 


785 


645 
662 
697 
563 
597 
634 
641 
635 
613 
575 
513 
508 
513 
554 
556 
593 
621 

592 

554 

532 

5-20 

519  I 

488 

411 

423 

420 

421 

405 


551 


July. 


808 
303 
304 
3'25 
341 
319 
288 
281 
262 
257 
252 
275 
267 
248 
238 
229 
205 
197 
189 
188 
184 
162 
155 
157 
151 
186 
131 
181 


244 


I 
Aug. I  Sept.;  Oct. 


182 
131 
125 
127 
131 
133 
136 
189 
131 
125 
122 
124 
120 
126 
126 
128 
125 
120 
117 
117 
120 
117 
111 
110 
107 
104 
93 
97 
104 
110 
115 


115 

117 

111 

108 

108 

107 

108 

105 

102 

101 

100 

97 

94 

89 

85 

91 

93 

95 

99 

100 

98 

97 

100 

99 

102 

116 

135 

176 

280 

243 


220 
203 
191 
190 
I  181 
177 
173 
165 
166 
156 
157 
152 
155 
156 
151 
156 
157 
157 
156 
152 
148 
147 
147 
148 
149 
151 
151 
145 
140 
188 
182 


120   U6   160 


136 
141 
152 
158 
166 
173 
181 
175 
163 
161 
158 
158 
168 
158 
152 
149 
151 
159 
167 
173 
184 
182 
177 
188 
186 
178 
171 
167 
178 
184 


Deo. 


166 


195 
196 
195 
192 
192 
191 
192 
191 
184 
179 
174 
160 
154 
163 
176 
189 
192 
189 
197 
198 
209 
264 
268 
280 
213 
214 
217 
214 
218 
212 
205 


199 


1809. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 

2»;. 

I  27. 

'  28. 

I  29. 

,  30. 

I  31., 


Moan. 


196 
195 
224 
240 
214 
212 
208 
213 
229 
263 
308 
346 
300 
284 
277 
281 
285 
292 
296 
286 
278 
269 
276 
281 
282 
275 
266 
269 
274 
274 
280 

263 


289 
300 
307 
288 
279 
275 
274 
264 
264 
274 
276 
273 
277 
281 
293 
299 
301 
:iOO 
306 
325 
340 
359 
361 
369 
340 
:«4 
310 
310 


805 
314 
320 
806 
301 
309 
808 
313 
311  I 
299 
272 
267 
258 
253 
261 
262 
268 
261 
283 
319 
323 
323 
39H 
2.927 
3,115 
l.t)0f> 
1.105 
877 
797 
722 


678 

621 

612 

604 

624 

700 

768 

856 

925 

1,014 

988 

926 

953 

96H 

1.010 

1,019 

1.132 

1,098 

1,070 

1,012 

1,037 

1,091 

1,114 

1,104 

972 

884 

771 

951 

709 

718 


SyO    893 


759  I 
712 
652 
633  i 
649 
659 
682 
680 
(>23 
588  i 
649 
850 
1,102 
1.258 
1,225 
1.051 
959 
913 
890 
852 
809 
791 
806 
907  : 
970  i 
923 
8C3  I 
819  ' 
K22 
885 
803 


929 

1.009 

944 

964 

1,007 

1,066 

1.361 

1,660 

1.631 

1,770 

1.926 

2,072 

1,994 

1.756 

1.6<>8 

l..V)0 

1.570 

\.^V) 

1,561 

1,514 

1.367 

1,218 

1,160 

1,149 

1,135 

1,082 

948 

848 

846 

863 


I • 

835  ,  1.331 


867 
811 
776 
763 
719 
679 
622 
663 
516 
499 
280 
468 
450 
439 
446 
389 
360 
363 
349 
338 
312 
295 
289 
292 
309 
290 
266 
255 
239 


236 
229 
208 
207 
196 
191 
196 
190 
186 
184 
173 
170 
163 
1,55 
150 
147 
147 
142 
135 
135 
132 
130 
131 
132 
123 
119 
114 
108 
106 
106 
102 


100 
101 
101 
103 
105 
108 
115 
115 
108 
103 
101 

98 
106 
110 
110 
113 
113 
115 
109 
106 
103 
100 

96 

97 
100 
104 
110 
109 

98 


92 

93 

90 

94 

96 

95 

97 

95 

109 

111 

114 

126 

152 

180 

191 

194 

189 

193 

209 

219 

220 

222 

223 

226 

212 

198 

187 

183 

183 

188 

189 


105  ,  160 


186 
189 
186 
185 
190 
100 
196 
191 
190 
188 
201 
220 
213 
212 
330 
211 
236 
240 
233 
230 
239 
270 
278 
261 
238 
236 
228 
223 
222 
•222 


220 
216 
209 
204 
211 
212 
219 
216 
209 
214 
203 
196 
218 
220 
224 
267- 
6tl 
514 
890 
324 
296 
302 
303 
816 
800 
803 
293 
280 
289 
284 
318 


The  beadwftter^  of  thb  riveF  hmve  their  soiiree  on  the  nortbem  ^lope 
"of  the  Sierni  Madre  and  flow  northerly,  finallr  digRppearing  m  the 
aandii  of  the  Mohave  Desert,  At  Victor,  a  station  oo  the  AtK'hLjoo, 
Topeka  and  Ssota  Fe  BaiLroad^  the  rirer  pft^uies  through  a  aarrow 
gorge,  lot^Uy  known  as  The  Narrows-  This  place  ha^  been  imdi  r 
inveBti^tion  ats  a  poatiiblc  dam  site»  and  i^oundlngs  for  the  depth  of  , 
bed  rock  were  made  bj  the  United  States  Geological  Survey  during  I 
(be  aeam>ti  of  1899,  The  greatest  depth  of  bed  rock  was  found  to  be 
&4  leet.  The  diamond  drill  showed  the  roc^k  to  be  a  fine  granite.  A 
more  detailed  ajccoujil  of  thin  exploration  will  be  given  in  the  Twenty* 
fixftt  Annual  Report,  Part  IV*  Above  The  Narrows  the  vallei^  broadens 
into  a  larger  reservoir  Bite,  but  as  no  9urvej*s  of  it  have  Ijeen  made 
the  capacity  i&  unknown.  In  order  to  determine  the  amount  of  water 
available  for  storage  for  this  reser^'oir,  a  gigging  t*tation  was  established 
Febnmrj^  27, 1809,  The  rod  is  a  2  hy  6  inch  timber,  bolted  to  a  vertical 
cliff  on  right  bank  of  the  river,  600  feet  upstream  from  wagon  bridge. 
The  bench  mark  is  top  of  east  rail  of  the  Santa  Fe  track,  75  feet  south 
of  center  of  wagon  bridge  over  track.  The  zero  mark  of  rod  is  12.84 
feet  below  bench  mark.  The  following  meaauremeats  of  dischargee 
were  made  under  the  direction  of  J.  B*  Lippincott  during  ISfKJl: 


Febmarj'  27,  gsge  height,  1  foot;  discbaig^,  44  8eeond*feeL 

May  fi,  ^^a^e  hei(?ht,  0.90  foot;  di«?har|re,  32  Pecond-feet, 
June  13,  gage  height,  0.90  foot;  discharge,  25  second -feet. 
July  26,  gage  height,  0.85  foot;  discharge,  22  second-feet. 


\ 


RcUing  table  for  Mohave  River  at  Victor,  California,  1S99. 


Gafire  height. ;  Discbarge.    Gage  height.    Discharge'. 


Fret. 
0.80 
0.86 
0.90 

Second-feet. 

22 

2X 

Feet. 
1.00 
1.10 

Second-fret. 
14 
GO 

. 
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Daily  gage  heighiy  in  f eel,  of  Mohave  River  ai  VtctOTf  Oah/omia,  for  1899, 


Day.             Feb. 

Mar. 

Apr. 

May. 

June, 

July. 

Aug. 

Sept 

Oct 

Nov. 

Dec. 

.                      1 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
.90 
.90 

1.10 
1.10 
1.00 
1.00 
1.00 
.90 
1.00 
1.00 

1.00 
1.00 
.90 
.90 
.90 
.90 
1.00 
1.00 

1.00 
.90 

1.00 
.90 
.90 
.90 
.90 
.90 

0.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 

0.90 
.85 
.85 
.85 
.85 
.85 
.85 
.85 

0.85 
.85 
.85 
.85 
.85 
.85 
.85 
.85 

0.85 
.85 
.85 
.85 
.85 
.85 
.85 
.85 

0.90 
.90 
.90 
.90 
.90 
.90 
.85 
.85 

0.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 

1 1 

1.00 

.90 

1.00 

.90 

.90 

.90 

.85 

.85 

.85 

.90 

) 1 

1.00 

1.00 

.90 

.90 

.90 

.90 

.85 

.85 

.85 

.90 

1.00 
1.00 

1.00 
1.00 

.90 
.90 

.90 
.90 

.90 
.90 

.90 
.90 

.85 
.85 

.90 
.80 

.85 
.85 

.90 
.90 

.90 

.90 

1.00 

.90 

.90 

.85 

.85 

.85 

.90 

.90 

.90 

1.00 

1.00 

.90 

.90 

.85 

.85 

.85 

1.00 

.90 

1.00 

1.00 

.90 

.90 

.85 

.85 

.85 

.90 

1.00 
1.00 

.90 
.90 

1.00 
.90 

.90 
.90 

.90 
.90 

.85 
.90 

.85 
.85 

.85 
.85 

.90 
.90 

1.10 

1.00 

1.00 

.90 

.90 

.90 

.85 

.85 

.90 

.90 

1.00 

1.00 

.90 

.90 

.80 

.85 

.85 

.90 

.90 

1.00 

1.00 

.90 

.90 

.85 

.85 

.85 

.90 

1                      1 

1.10 
1.00 

1.00 
.90 

1.00 
1.00 

.90 
.90 

.90 
.90 

.85 
.85 

.85 
.85 

.85 
.85 

.90 
.90 

I                .    '  .        . 

I : 

1.00 

1.00 

1.00 

.90 

.90 

.85 

.85 

.85 

.90 

1.00 

1.00 

1.00 

.90 

.90 

.85 

.85 

.85 

.90 

1.00 

1.00 

1.00 

.90 

.90 

.85 

.85 

.85 

.90 

1.00 

1.00 

.90 

.90 

.86 

.90 

.85 

.85 

.90 

7 1.00 

.90 

.90 

.90 

.90 

.85 

.90 

.85 

.90 

.90 

5 1.00 

1.00 

1.00 

.90 

.90 

.85 

.85 

.85 

.90 

.90 

1.00 

1.00 

1.00 

.90 

,85 

.85 

.85 

.90 

.90 

.90 

1.00 

1.00 

.90 

.85 

.85 

.85 

.90 

.90 

I ' 

1.00 

1.00 

.85 

.85 

.90 

1 

No  record  December  14  to  81. 


UOe  ANGELES  RTYEB  AT  THE  NARROWS,  CALIFORNIA. 

his  river  heads  immediately  south  of  Santa  Clara  River,  its  various 
utaries  receiving  their  water  supply  from  the  mountains  surround- 
the  San  Fernando  plains.  The  river  passes  out  of  the  lower 
of  the  valley  through  a  short  gorge  known  as  The  Narrows,  at 
lower  end  of  which  is  located  the  city  of  Los  Angeles.  The 
sams  entering  San  Fernando  Valley  have  in  the  past  brought 
rn  immense  quantities  of  sand  and  gravel  from  the  mountainous 
I,  and  have  thus  formed  the  San  Fernando  plains.  This  coarse 
osit  acts  as  a  natural  reservoir,  absorbing  the  floods,  the  water 
dually  appearing  lower  down.  The  rainfall  of  southern  California 
been  deficient  for  the  last  few  years,  but  the  discharge  of  Los 
jeles  River  at  The  Narrows  has  been  exceptionally  constant;  in 
9  the  decrease  in  discharge  being  not  more  than  10  per  cent  of  the 
rage.  A  study  of  the  river  has  been  made  by  J.  B.  Lippincott 
the  city  of  Los  Angeles.  The  flow  is  of  marked  constancy,  and 
s  believed  that  the  measurements  indicate  with  fair  accuracy 
discharge  for  the  respective  months.  As  in  previous  reports, 
discharge  measurements  for  1899  include  the  flow  of  the  river 
)ridge  No.  2,  the  main  supply  ditch  at  a  point  opposite,  and 
Glassell  tributary.  Li  addition  water  is  diverted  for  irrigation 
poses  from  a  point  known  as  Formans  Lake  to  the  vicinity  of 
bank;  and  also  from  the  development  works  of  the  West  Lob 
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0FKBAT1OK8   AT   RIVKB  STATIONB^  18S0. — ^PABT    V,         t«o,m 


Anffi'lfts  Wiitfir  Compftny,  to  tho  mnih  8ide  of  Cahuenga  iloun  tains? 
ReHull^t  of   imnLsun*nu>rit8  for   1896  and  to  April,   1S^^9^  inclu^ive^ 
inuv  h(    found  in  the  Twentieth  Aiiniml  Tlej>ort>  Part  IV,  pii^'o  ^t 
Tiw  t'ullowing  inea-^^tirGniontH  uf  diHcImrgw  were  mado  by  J.  B*  Ii| 
piacott  during  181>St; 

law. 


0tl«. 


JjinnvTfi^..^ .-. 

Fcrbrunry  H-.-.- 
Minvli  U 

April  2»., ,*..„.„;, 

si^r  IS  „..-.-....-< 


DiwbiitStt. 


«i 

61 


AugtJfit  25,  * , . . 

<"*ftober  2.%,*, 
October  3K.. 
November  17 , 
N'ovembcT  '2A . 


m 

SI 

fit 


^^k  AKEOYO   H£00,  CALIFORNIA. 

This  is  a  small  l^iksin  dmning  21  square  niilc«  of  the  Sierni  Mji(ln*- 
The  river  issues  from  the  mountains  on  the  west  side  of  Pasiidena 
Mesa,  jias&es  through  an  opening  in  a  granite  spur  known  as  Denis 
Gate,  and  joins  Lios  Angeles  River  at  Lo«  Angeles.  Between  the  point 
where  the  water  issues  from  the  mountain  and  Devils  Gate  lies  a  brottd 
river  bottom  2  mi  lea  in  length  and  composed  of  eoarse  material.  Id 
passing  over  this  the  water  sinks  rapidly,  diminishing  in  volume  from 
the  mouth  of  the  canyon  to  Devils  (Jate.  The  following  inoasuiv- 
ments  were  made  at  the  cable  station  at  the  terminal  quarries  hy  K.  P. 
Dewey  and  W.  B.  Clapp  in  1899: 

IHschnnji'  measure mniJ a  made  cm  Arroyo  S^co,  ('(flijnrnui. 
1899. 


r)aU\                             Disi'hnrge. 

Janimry  10 

Sfcovfifcct. 

.laniiarvll   .                         

l.W 

January  12 

2.0(» 

.Fanuarv  12 

2.  Ot) 

FobruaVy  1  . , 

21 

Marrh  17 

8.  24 

March  18  ... 

1.77 

March  19 

.'.)3 

Date 


IMvi'liart: 


SAN    GABRIEI.    KIVEK   AHOVK    AZUSA,  (CALIFORNIA. 

The  drainage  basin  of  this  river  lies  on  the  southern  slope  of  tho 
Sierra  Madre,  the  water.shcxi  being  included  in  Los  Angeles  County. 
California.  The  various  tributaries  join  the  river  ])efore  it  enters  its 
lowest  canyon,  whence  it  appears  tinally  on  the  plain  in  the  vicinity  cf 
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l^iusa.  The  seepage  waters  of  this  valley  appear  lower  down  in  the 
river  and  finally  enter  the  Pacific  Ocean  not  far  from  the  mouth  of 
LiOB  Angeles  River.  All  of  the  surplus  waters  of  this  stream  are  now 
ised  for  irrigation  purposes.  Owing  to  the  numerous  diversions,  it 
las  been  difficult  to  obtain  accurate  discharge  measurements;  but  dur- 
ng  1898  the  San  Gabriel  Electric  Company  completed  its  system, 
ind  measurements  pre  now  obtained  with  greater  ease  and  hence  with 
greater  accuracy.  The  hcadworks  of  this  company  are  located  about 
i  miles  above  the  mouth  of  the  canyon;  the  water  is  carried  along  the 
.eft  side  by  a  series  of  tunnels  and  conduits,  and  a  head  of  400  feet  is 
obtained  where  the  electric  power  is  generated.  Weirs  are  placed  on 
Hie  conduit  of  the  electric  coni]:)any,  and  the  water  is  measured  at  this 
point.  The  capacity  of  the  conduit  is  00  second-feet.  The  season  of 
1890  was  notable  in  southern  California  for  the  deficiency  of  rainfall, 
ind  on  six  days  only  was  there  a  surplus  of  water  flowing  past  the 
paging  station.  The  following  are  the  dates,  with  their  respective  dis- 
charges, on  which  water  passed  the  gaging  station  in  1899: 

January  11,  gage  height,  1.18  feet;  diwharge,  16  sec'ond-feet. 
January  12,  gage  height,  1.08  feet;  dischaiige,  12  second-feet. 
January  13,  gage  height,  0.90  foot;  discharge,  6  second-feet 
January  14,  gage  height,  0.78  foot;  dischai^,  2  second-leet 
January  15,  gage  height,  0.70  foot;  discharge,  1  second-foot 
October  14,  gage  height,  1.10  feet;  discharge,  13  second-feet 


From 
itructed; 


these  measurements  the  following  rating  table  was  con- 


Ral'mg  tMeffjr  San  Gabriel  Hirer  of  tare  Azimt,  Calif omia,  1899. 


Gagu  height 


Fui. 
0.40 
0.50 
0.00 
0.70 
0.80 
0.90 


Dischaigo. 


Seetmd-feeL ' 
0.0 
0.2 
0.6 
1.2 
3.0 
6.0 


Gage  height. 


1.00 
1.10 
1.20 
1.80 
1.40 
1.60 


DischaTgc.  ,  Gage  height.  Discharge. 


Sertrnd/fft. '' 

i  } 

17       !■ 

■^  i 

31         I' 


Feet. 
l.GO 
1.70 
1.80 
1.90 
2.00 


Secondjeet. 

46 
63 
63 
80 


During  the  rest  of  the  year  the  entire  flow  passed  through  the  electric 
X)mpany\s  csmal.  The  gaging  station  on  the  main  river  is  located  at 
lie  mouth  of  the  canyon.  The  ecjuipment  (consists  of  a  rwl,  cable,  car, 
ind  tagged  wire.  Results  of  measurements  may  bo  found  as  follows: 
l896,  Eighteenth  Annual  Report,  Part  IV,  page  405;  1897,  Nineteenth 
l^nnual  Report,  Pai-t  IV,  page  528;  1898,  Twentieth  Annual  Report, 
?fcrt  IV,  page  550.  The  first  of  the  following  tables  shows  the  dates 
n  1898  at  which  there  was  water  in  the  main  river,  together  with  the 
onount  of  discharge.  The  next  table  shows  the  combined  discharge 
-or  1898  of  the  canals  diverting  water  at  the  mouth  of  the  canyon.  A 
)art  of  this  table,  from  September  to  December,  inclusive,  was  pub- 
iahed  in  Water-Supply  Paper  No.  28,  page  190;  but  the  data  for 


the  previous  portion  of  the  year  having  now  been  obtained,  the  entire 
table  i**  here  given-  Dates  in  1899  on  which  fiere  wik*  water  parsing  the 
gaffing  station  on  the  main  river  are  given  above.  Following  the  table 
of  t*anHl  fii^hsrgeg  for  1898  is  a  table  showing  the  daily  discharge  <jf 
San  Gabriel  canaL^  for  1899*  The  total  flow  of  the  river  is  obtab^ 
by  adding  the  daily  diseharge  for  the  river  to  the  figure^  for  the  cor- 
ponding  dates,  for  the  canab* 


iljf  dtjtGhaTij€f  in  *fmnd*f€et,  of  Stm  Gabriei  Emr  «&aw  At;um,  Ca^for^da^  fur  ISSS. 


I 


i>»r 

Jul. 

0,0 
0.0 
0,0 
0.0 
0.0 
0.0 
0.0 
0,c» 
2S.0 

2a.o 

31*0 

21.0 

ai.o 
n.o 

F^BkK 

Hat. 

Apr. 

Miiy. 

]>»r. 

Jim. 

Feb, 

M*r. 

Apt. 

0.0 

o.o 
ao 

0.0 

ao 

Q.O 

ao 
ao 
ao 
ao 
ao 
ao 
ao 
ao 

itoj. 

!..«. ......* 

10 
ft.0 
0.0 

0*0 
0,3 
0.2 

oa 

41.0 
Sl.O 
OT.O 
21.0 

J».0 
U.O 
9.0 
31.  D 

0.0 

0.0 

0.0 

0,0 

0.0 

0.0, 

0.0 

0.0 

0.0 

1,0 

0.0 

OlO 

0.0 

0.0 

0.0 

ao 

0.0 
0.0 
0.0 
0,0 
0.0 
0.0 
0.0 

ao 

0.0 
0,0 
0.0 

D.0 
0.0 
0.0 
0.0 

ao 

0.0 
0.0 
0.0 
0.0 
U.0 
0.0 
0.0 
0.0 

ao 

0,0 

ao 

0.0 

ao 

0.0 
flSvO 
24.0 

17 

10,0 

17.0 
17.0 
17,0 
17.0 
17,0 
1&.0 
1*.0 

mo 

lfi.0 
16^0 
11^.0 
16.0 

ia.0 
«.o 

fl.0 
11.0 

11. 0 
11.0 
11.0 

u.0 

0.0 
0.O 
0.0 
0,0 
0.O 
0.0 

OiO 

0.0 
0,0 

o.o 

0.0 
0.0 
0.0 
0,0 
0,0 
0.0 
0.0 

ao 
an 
ao 
ao 

ILO 

«.o 
a« 

0,0 

at 
ai 
ao 
a« 
at 
a« 
ao 
ao 

g», 

t. 

IS............ 

10 

t.***- 

i , 

30.,...,.-.,. 

tl -.-. 

32 

St............ 

?:::::••■•:: 

t...... 

If::::::::::: 

S:::::::::::: 

31 „.., 

OT.., », 

13,, 

28 ^_. 

]S*.«.  ^...  . 

29.,....,..^. 

J4^._ 

90„ 

£  :: 

ai„ .,„ 

&;;:::;;:;; 

H  ttltbt  dfy  Jtine  1  to  Deoember  SL 

DaUif  duichafgtt  in  necond-fftt,  of  the  San  GabH^  caimh  ah^m^Azum,  0alifitmm,/9r  ISSS. 


Dity. 

Jun. 

Feb. 

*■" 

Apr. 

Mny. 

JuiiL*.  July. 
30,0     14.5 

Aug. 
9.5 

8.2 

^7, 

90 

r.. 

1 

a*.0  1  33.0 

3<j.5     26.0 

u  : 

1 

as.o 

28.0  1  32.0 

37.0  1  39.0 

28,0     13,0 

0.5 

10.0 

B,S 

.^.5 

n.? 

a. 

^.0 

lift.O     31,0 

.17.0     H7.0 

2.5.  D    n,b 

9,5 

ii.2 

10.0 

8,5 

U8 

1.... 

2SJJ 

2H.0     31,0 

37.0    ;i6.o 

2S.5     13.0 

9.0 

K'2 

10.5 

S.O 

n  9 

Ii_,.„__ 

^.0 

3^.0  ,  31.0 

37.5  1  34.0 

'£l»  1  n.Q 

9,0 

8.2 

9.0 

.s,.\ 

VI  ^ 

fi,... 

27.0 

^LO     31.0 

36.5     31.5 

21.0     12.0 

9.0 

H.2 

&,0 

9.0 

11  s* 

J...... 

27.0 

:«.  0  ,  30.  t) 

36.0     32.0 

^.2     H,0 

J*.  5 

7,9 

S.5 

9.0 

12  [t 

i 

27.0 

'29,0  '  mo 

35.0     31.0 

20.0     12.  & 

K5 

7.9 

8.5 

9.0 

t2l» 

0. ..,„ 

32.(1 

29.0     2S.0 

35.0     30.0 

20.0    n.ft 

H.5 

,K.  0 

K..S 

(t.B 

12  0 

10 

:i2.o 

29,0 

iN.O 

35.  0     2»,  0 

21.5     11.5 

».i 

h  0 

9.0 

8.7 

llLl* 

n....... ,-.....-. 

31. a 

29  0 

34.0 

34,0     25.0 

'23.5     11.  t> 

».5 

7.5 

».7 

9.0 

12^ 

12 

'23.0 

32,0 

i«.5 

32.5     25.0 

22.0      11.0 

Kh 

7.B 

8.0 

9.8 

]'Wi 

IH _. 

25.0 

32.0 

JH.O  1  3-2.5     25.0 

21.4      10.0 
'21.0      10.0 

7,5 
7.5 

8.0 
7.5 

9.S 
9,2 

t^* 

H 

25.0    :v2,o 

>2, « 

15 

2S.0     32.0 

^3.5     34,0     ISO.O 

20.  2  ,     9.  7 

7,0 

7,0 

7.  a 

9.  a 

irv,2 

Ifi 

2.^0     10  ft 

3fi.O     a4.0     '-"^  fi 

lf*,0     10.0 
17.5       9.7 

7.0 
7.0 

7.0 
6.7 

7.5 
8.0 

9.8 
9.^ 

15.2 

17.... 

25.0 

10.0 

3(^.0     34.0 

45.5 

15  f* 

1W 

2,^0 
25.0 

39.0 
29.0 

37-0     S4  0 

40.0 
3ft.  5 

l<i,2      1£>.0 
15.2     10.0 

7,0 
5.0 

6.5 
6.5 

y.o 

10,1 

15  & 

19 

37al 

33.0 

U,J 

20..-, 

2.=»,0 

2^.0 

37.0 

33.0 

-S3. 5 

17,5  '  U>.0 

5.5 

6,1 

t^,  6 

10.5 

H  -1 

21... 

25,0 

29.0 

37,0 

3r2.0 

37.0 

16.  D     11.5 

6.0 

7.5 

7.9 

10,5 

14  > 

22.. 

24.0 
24,0 
23.0 

'29.0 

3(;  0 

ao.E) 

29.0 
27.0 

.^0 
36.0 
32.5 

17,0     1L5 
17.3     11.5 
17.0  '    9.5 

fi,0 
fl.O 
6.0 

7,5 
7,5 

7,5 

.S-2 
9.0 
10,0 

10.5 
U,2 
11.2 

U  '■ 

2*J 

29  0     ^  f* 

14    1 

24..... .,,.. 

W,0 

3J.0 

'I'i 

23.0 

34,0 

34.0 

26.0 

30.5 

16.0      9.5 

5.5 

S.5 

iJ.O 

10.  .=i 

11  ^ 

2fl 

23.0 

^.0 

4H.0 

■l\S 

30.0 

16.0       il.O 

5.5 

S.5 

9.1 

10.,=! 

11  " 

n-..- 

tSiO 

34,0 

41.0 

'25.3 

30.0 

16.0       9,0 

6.3 

7,6 

9.1 

10.5 

ll.il 

2». 

23.0 

34.0 

39.0 

^.0  1  30.5 

!&,«  ^    9.0 

7.5 

10.2 

8.  a 

11.0 

11  11 

» 

mo 

St^.O 

30,0     29.5 

15.0       9.5 

7.0 

S.0 

S.9 

11,5 

M.:^ 

ao.., 

2H.0 

36.0 

35.5     30.5 

14.5  1     9.S 

7,0 

ma 

8.4 

ll.,i 

14  n 

81,..,,,, 

28.0 
2fi.9 

Z9.1 

37.0 

80.0 

1  o^J^ 

7.0 
7.1 

7,9 

«.7 

tf.t* 

14  ■■' 

Mean . 

34.fi 

KLH 

91,7 

mfi  '  10.9 

i 

I^.A. 
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iiily  dUrhnrgtj  in  ntccmd-fni^  vfthf  San  Gabriel  ranaU  ahorr  AitUQy  Cnlifomia^fttr  1899, 


D«y. 


Jan.    Feb.    Mar.    Apr.    May.  June.  July.  Ati^.  Sept.    Oct.    Nor. 


1.. 
2.. 
3.. 
4.. 

5.. 

6.. 

s'.[ 

9.. 
10. 
11. 
12. 
13. 
14.. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26.. 
27. 


29.. 
30.. 
31.. 


..    14.8 
..    24.2 
..    20.3 
..    19.0 
..    19.0 
-.    18.0 
..    18.0 
..    18.0 
..    18.0 
..    22.0 
.-    33.0 
-.    32.0 
..    22.0  I 
..    22.0 
. .    22.0  ' 
--    22.0  . 
..    18.0 
..    18.0 
..    19.7 
..    19.3  . 
..    20.4 
.-    21.6 
...  22.8 
..    -23.6 
..    24.0 
.-    24.0  '■ 
-.    24.1 
-■I  23.5  I 
23.2  ' 
24.2  I 
26.2  I 

21.8 


27.2 

28.0 

26.2 

24.2 

•23.5 

•23.5 

23.5 

•23.5 

•23.4 

23.4 

23.4 

23.4 

•23.0 

•21.  S 

•21.6  ! 

20.3  ! 

•20.0  j 

20.0  ! 

19.7 

19.7 

19.7 

19.7 

20.3 

■22.4 

•21.  H 

•21.2 

21.2 

•2L0 


32.0 
32.0 
31.6 
30.0 

29.5 


20.3 

2&0 

17.5 

22.2 

20.8 

27.5 

17.5 

20.0 

21.5 

25.2 

17.0 

17.0  1 

19.4 

24.8 

17.0 

15.0  ! 

18.7 

24.8 

15.5 

14.8  : 

18.5 

25.0 

17.5 

13.5  , 

18.0 

•24.0 

17.5 

12.0 

18.5 

22. 2 

16.5 

11.0 

18.7 

22  0 

15.5 

9.7 

18.7 

23.5 

14.0 

h.5 

19.0 

•23.5 

13.0 

8.S 

19.0 

•22.2 

13.0 

9.0 

19.0 

•21.0 

12.5 

9.5  , 

19.0 

•21.0 

12.0 

9.2' 

19.0 

20.5 

1-2.5 

8.0 

31.2 

20.0 

14.1 

7.<* 

36.4 

19.7 

13.0 

7.5 

as.o 

19.5 

13.0 

7.5 

•29.0 

19.5 

13.5 

7.3 

39.5 

18.5 

11.5 

7.0 

37.4 

17.0 

11.5 

7.0 

32.7 

16.5 

U.5 

6.2 

31.7 

16. 2 

11.5 

6.2 

32.5 

17.5 

1-2.0 

6.2 

35.5 

19.3 

12.0 

6.2 

21.0 
•21.3 
20.5 
18.0 
17.5  . 


12.0  I 
11.5  I 
11.5  ! 
12.7 
12.0 
13.5 


26.4     2L2  !  13.7 


6.2 
6.0 
5.5 
5.5 
4-9  I 

I 


4.0 
4.0 
4.0 
4.0 
4.0 
4.2 
4.2 
3,5 
3.4 
3.4 
3.5 
3.4 
3.0 
3.4 
3.5 
3.5 
3.3 
3.0 
3.0 
3.0 
3.0 
3.3 
3.5 
3.5 
3.5 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 


5.0 

5.1 

5.5 

5.5 

6.0 

6.0 

5.0 

4.7 

4.7 

4.5 

4.7 

4.5 

4.5 

4.3 

4.0  I 

4.0  ; 

4-5  I 

6.0 

6.0 

6.0 

5.5 

5.5 

5.0  I 

4.0 

4.0  I 

4.0 

4.0  ! 

5.5  I 

4.0 

4.0  I 

4.0  1 


3.4 
3.0 
4.0 
4.3 
3.7 
4.3 
3.7 
4.5 
5.5 
5.0 
4.0 
4.0 
3.6 
3.8 
4.2 
4.0 
3.7 
3.7 
3.7 
3.7 
3.3 
3.3 
3.3 
3.0 
3.0 
3.0 
3.3 
3.3 
3.3 
3.7 


9.5  I    3.6       4.8  I 


3.7 

4.0 

4.0 

4.0 

4.0 

4.0 

4.3 

3.7 

3.7 

4.4 

8.5 

9.0 
22.0 
22.0 
26.0 
19.0 
16.0 
15.0  I 
13.5 
13.5 
13.0 
13.5 
14.0 
14.0 
1-2. 5 
12.0 
12.0 
12.3 
11.5 
13.0 
12.3 


11.1 


12.0 
11.5 
11.5 
11.7 
10.1 
10.2 
10.2 
10.2 
10.3 
1-2.0 
12.0 
12.0 
12.0 
14.5 
15.0 
15.0 
15.0 
14.0 
14.0 
14.0 
16.0 
•23.5 
•20.0 
18.3 
18.0 
17.2 
17.0 
17.0 
16.7 
16.3 


14.2 


Dec. 


16.2 
16.0 
16.0 
16.0 
16.3 
16.0 
16.0 
15.7 
15.5 
15.5 
15.5 
15.5 
15.5 
15.5 
16.0 
Zl.0 
39.0 
30.0 
•28.0 
•25.0 
•23.0 
•22.5 
•21.5 
•20.7 
'20.' 
20.7 
20.7 
21.0 
23.0 
23.0 
22.0 


20.3 


LYTLE   CREEK   AT  MOUTH   OF  CANYON,   CALIFORNIA. 

This  small  stream  drains  the  southern  slope  of  the  Sierra  Madre  and 
lischarges  its  waters  onto  the  plains  northwest  of  San  Bernardino, 
ythough  it  drains  a  comparatively  small  area  of  54  square  miles,  at 
the  mouth  of  the  canyon  its  waters  are  important  for  irrigation  pur- 
poees.  Owing  to  the  controversies  which  have  arisen  over  its  diver- 
dons,  a  numl>er  of  lawsuits  for  the  settlement  of  the  claims  have  been 
instituted  from  time  to  time.  A  number  of  measurements  of  this 
stream  at  the  mouth  of  the  canj'on  from  1892  to  1806,  inclusive,  are 
given  below.  They  are  copied  from  court  records  of  proceedings  in 
which  the  water  supply  of  this  creek  was  involved.  These  cases  were 
tried  in  the  San  Bernardino  courts  by  Judge  A.  W.  McKinley. 
The  measurements  were  made  by  A.  11.  Koebigand  G.  O.  Newman,  on 
Weirs,  and  are  believed  to  !><>  accurate. 
IRR  31* 2 


l4l4  OPKHATION0    AT   KIV^B  QTATIOKS,  189», FABT   V-         /^^ 


P 


imz. 


Junes* 


Ko-v  ember  21  „ 


8Qtit€ftnbof  7 . . 
Oclober  I 


l«W, 


JanaM., 

Jatr  10 . 
Jolril, 
Julr2$. 


P^luuve. 


IM.70 

22.  Dt 
20.  m 


46,34 

4S.W 


17.  M 

16.  ao 
la,  22 

13,22 

mat 


Date* 


D'focfaM|[t'. 


laM. 


Aaei3cti9. 
Augustus. 
October  E, 


imk 


1«^ 


MATCbS. 

Aprii  n . 
Aprtl  2i . 
Aj»l]2S. 

llByl.,, 

M»y  10 . . 

U»y2&.. 


me  I 


a  01 
HIS 


Beginning  in  1894,  meaBurements  of  Ly tie  Creek  were  also  made  by 
H<  D*  Sibley,  who  was  zanjero  of  the  Lytle  Creek  canak  at  that  time. 
The  nieaaurement^  were  u^uallj  timde  }>ecauiic  the  dWharge  of  the 
stream  was  below  normab  In  the  winter  and  spring  only  the  amount 
of  water  needed  for  irrigation  wa^  turned  into  the  ditcbe.^,  but  later  in 
the  auiumer  the  entire  flow  was  divertM.  The^e  measurements  al*) 
were  made  over  weir»,  and  are  believed  to  be  fairly  aceurate.  During 
l8l>8  trouble  was  experienced  by  miners  takin^^  the  water  from  the 
nutunil  fhiinnel  and  tuniiti^  it  into  dry  channels,  .sluice  hoxe.^,  woir^, 
null  nires,  cte,,  thereiiy  i'lUL'^lrii,^  ii  loss  itf  frtmi  :?(>  to  :*'*  per  r*mt  ol 
tln^  t<.^t;il  \\o\\'  nf  tlir  nock.  Only  a  portion  of  fhcso  luttt^'  fiiv^^rsiim'^ 
were  n-tuiiicit  tu  tfic  t  reck.  The  meusuri'Tncnts  of  Mr.  ^ihlcy  wihiM 
Tiot  show  the  fidl  fU^w  of  Lyde  Creek  at  all  tiIUl^^>alld  r^ornetirncs  shoff 
less  thuJi  the  full  diselntr^e,  for  the  rcu.Mjnsnji*ntioinHl  :il>nve«  l>nril^|! 
181^1*  the  iiruounl  ui  wiiter  which  was  <  liver  ted  in  to  the  main  *'iunil  ffJl^ 
niea.siu'ed  duily  by  the  An*ijlo-Anieri*'an  CiinuiiJ^ri^  (.■ouipany,  nl  \\  wir 
erc{'tcd  rn^ir  the  head  of  its  i^i^inenl  ditch.  The  vohinie>  jriven  \v^^*' 
been  ocea^uniiilly  cheeked  by  visit iiiy  tiie  canal  an<l  niakin^r  ntttJ'r 
measurements.  It  h  l>elicved  that  during  \HW  pruetleally  all  '"f  tit' 
water  of  the  stream  wats  diverted  into  the  canal. 
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9?harfc»  in  Beoond-fttHj  of  LytU  Cremk  mam  canal  albove  JRiaUo,  Cbitfbrnia, 

1894. 
[Drainage  area,  54  nqnare  miled.] 


Day. 

April. 

May. 

June. 

July. 

A,«.! 

Sept 

Oct. 

Nov. 

15.5 

;      i 

........ 1 

24.1 

17.2 

10.9 

. 

13.5 

16.1  i 

10.8 

::::::::!::::::::'::::::::::::::;; 

22.6 

i       i 

11.1 

11.4 

14.5 

19.9 

10.8  , 

13.0 



is.  7 



1 

17.8  1 

18.5 

14.3 

10.8 



13.7 






21.8 I       13.4 

::;:::i::: "•^' ;::::;:. 


13.2  i 


22,6  . 1       14.4 

1 





19.1 



'  

15.0  1 1      13.7 

14.1     

11.5        14.5  1 

22.6 



1 

1 

_  J 

14.8 

12.7    

1 

24.9 

i      11.9 

12.7    12.9    1 

14.6 
14.9 

1 

18.2 



25.4 





14. 2 



15.0 

16.6 

i 





::::::::r.:::::: 

1 

::::::::i::::::.: 

1 

:::.::::::.:..:: 

12.6 

1 

11.7  1      18.4 

1 

1 

1886. 


D«y. 

Apr. 

May. 

June.  '  July. 

Aug. 

8ept. 

Oct 

Nov.    1    Dec. 

1             ■' 

54.4    

1 

• 

1 

36.9 

1 

1 

68.0  1 

61.4 

1 

80.5   

I 

1 

33.9 

1 

31.5 

L... 

I 

,           -,            .            ,    -  -- 

48.8 

! 

1 

24. 9  1 

1 

fiO.8 

1 

1 

i 

22.0 

i ! 1 

'                   '                   i 

:::::::x:::'\a\\:\:\:t\:\\:\\"\:\ 

1                   1 

60.4 

.;:. :....= i.: i 

1                   1 

44.8 

;;;:..:;..:::... :.j 

26.4  1      43.8 

41.9 

1 

................. 

1      57.5   ■ 

36.5 
^.1 

' 

' 

24.0 

87.4 

62.5 

1 

47.1 

' 1 

1 

p 

54.4 

- 

........j.... ............ 

' 

36.5 

34.6 

:.:::..::...:.:...:. .i. ::.:... 

1     .  1 

1 

M., 

1       "       ■       *         :                               1 

June  5  to  August  16  ditch  broken,  no  measurements. 
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Pisthaff^^  hi  mtmid-feei^  o/  L^jtk  (Mek  m&iiv  cmtat  libove  Maiiot  Oi/i/»n)ia— Goatiiiiard 


IMO^ 

J 

B«j, 

Jul.    reh. 

Mar. 

Apr, 

Mar. 

jQiM.  Jtiir* 

Am, 

BtpL 

Oct, 

: i.......'l 

t       *.*    ..>..,, 

lT,ft 

lS,i 

3              *»».*-. 

lEta 

ii'i    uTi 

t,,,,^„, „ 

-.. 

4- 

::::;:i:;:::: 

6 ::;::::;;:::" 

mo 

'"""') 

.„ ., 

12.2 

6 

11.4 

lata 

7 

"'"  "  ' 

lUS 

g.          ,,,  , 

».» 

ILl 

»..„„.,....  —  .. 

::::;;:::::: 

1L« 

i&t 

10                   .-*.. 

1 

,2.11 

u__ , 

[l"SKl" 

12^,^,,, 

1 

1U» 

ia.& 

'. 

11.- * 

ia4 

' 

H ::::::::;:;::: 

12.1 

1X2 

""!!":::: 

la 

1$, ,,,»<„„„.,„ 

ffl.*- 

3lw9 

iil* 

^7 

ms 

17           —.*,., .J 

ma 

' 

■■■  ■ 

18....^,.-...—,., 

ia,T 

u,a 

::::::::::: 

19 

ii-» 

30^, -.-^....* 

■« 

10.fi 

^ 

21 „,.„.., 

ma 

32 .-_,„ 

.« 

^*. ....,.*. .-*.., 

JIL6 

11, 1 

31 

ai.4 

385,,,,,. 

^0 

........ 

28--,  .  *.  .,.  *  . 

u,a 

mo 

27.. ...,_—...„, 

I0L7 

21 

'j7:i" 

lUft 

.iv/.x'.y." 

S::::;:;;;::::::: 

lfi.D 

I<-III 

*'*'"*!*""' 

"m 

81,. ^„, ,._.. 

*""** 

"'^'j""'"^ 

■ |— -"  — 

Se»Ty 

rmliuS 

lucli 

ItO&i 

mdOc 

:tober 
1W7. 

J6^«]| 

wmtei 

toni« 

doaii 

jFc^tU 

a. 

Day. 

Jan. 

Feb. 

Mar. 

Apr.       May.      June.  \  July.      Xug. 

1 

2 

3 

60.0 

'                              '                             1          .. 

4 

;^t3.o  ..  .                   1 

5 

6 

60.0 

24.0 

1               1 

8 

t ) 

9 

50.0  1       30.0  ! 

10 

16.0 

11 

1                                 .                , 

12 

::::::::::::::: 

■ i                  1     10,6 

13  .               

14 

60.0 

1 i                 

15  ..             

1...                        i 

16 

24.0 

34.0    ,                    

17 

18 

80.0 

1 

19 



60. 0  1 

20 

21 



60.0 

1 1 ! 

22 ' 

1 

23 1 

1 

24 



60.0    ' 

25 

26 

20.0 

60. 0 

j                 

27 

..:::::..:...:.:        i 

28 ...| 

66.0 

70.0 

40.0    1. 

29 1      28.0 

30 

. 1.               

31 1 

i                               ] 

1               1 

1               i                1                ' 

Heavy  rains  PY'bruary  Sand  18,  March  28,  September  14.     Chlcala  Water  CuiiifHiiiy  t.x>k  ohan:' 
station  Juno  1. 
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arge,  in  aecond-feet^  of  LijUe  Creek  main  canal  above  RiaUo,  Cnlifomia — Continued. 


r- 

May. 

June. 

July. 

Day. 

May. 

June. 

July. 

Day. 

May. 

June. 

July. 

10.9 

12 

22 

11.7 

13.... 

23 

' 1 

41 

S::. ...:.::::'::::::;:. :::.::; 

16.... 

13.9 

26 ' 

16 

26 

]                  : 

17.... 

27.... 

1 

18 

28.... 
29.-.. 

14.6    1    09.0    1 

19.... 

1 

20 

11.5    1 

30....; '■ 1 

21.... 

31. ...i 

1 

1               1 

1 

No  measurementii  for  January  to  April,  inclusive,  and  Au8:u8t  to  December,  intlusive. 

1899. 


u„ 

Jan. 

11.1 
lUl 
12.1 
l\A 
11. T 
1L6 
1L6 

ii.a 

ILAl 

12,0 

li.l 

lil  1 

12.2 

12-0 

11.  i 

izo 

12.0 
12.0 
11.9 
11.8 
1L7 
11.  S 
11.7 
U.fl 
11.6 
11. « 

iLe 
11. c 

n.« 
ii.fi 

11.7 

Feb. 
11. a 

12,1 
12.1 
YLi 
!2.4 
VLb 
12.6 
12.4 
12.1 
ILft 
11.  a 
ILS 
11.* 

u.e 

11.5 

u.s 

11.5 
11.3 
11.1 
11.5 
11.4 
11.3 
1L3 

u.a 

1L4 
11_4 
11.3 

11.3 

... 

Mar. 

Apr. 

May. 

It.  2 
10.9 
10.9 

10.  .5 
10.,^ 
10.5 
10,5 
10.2 

11.  ft 
9.5 
9.5 
9.2 
9.6 
9.5 
t.S 
9.4 
9,4 
9.4 
9.7 
9.* 
9.5 
9.4  , 
9.4 
9.2 
9.2 
9.0 
9.0 
9.0 
9.4 
9.3 

June. 

12.2 
10.4 
9.7 
9.5 
9.4 
9,6 
9.2 
9.0 

7.5 
K% 
8.1 

7.3 

7.  ft 
79 
7.7 
7.3 
7.S 
7.6 
7.4 
7.1 
7.2 
7.4 
7.3 
7.2 
6.7 
G.4 

July. 

AUff. 

8ept. 

Oc. 

Nov, 

10.5 
10.  a 
10.3 
10.6 
10.5 
10.6 
10.« 
9.9 
9.9 
10.0 
10.2 
10.5 
10.9 
11.0 
11.8 
11.7 
11.5 
12,0 
11.9 
ll.H 
12,2 
12.7 
12,1 
U.0 
13.8 
11.7 
1L5 
11,5 
11,4 
U.2 

lirt\ 

11.1 

11.3 

11.4    1 

11.1 

11.3 

11.3 

11.3 

11.6 

U-4 

11.5 

ILi 

11.3 

11.2 

11.1 

11.2 

12.9 

11,8 

11.  B 

11.6 

ILG 

11,3 

11.1 

11,1 

11.1 

10.9 

1L2 

IM 

11.1 

11.2 

11.1 

11.3 

!.,.._    _. 

11.2 
ILl 
11.2 
11. 1 
ID.B 
10.6 
10.4 
10,4 
10.9 
10,9 
10.  S 
10, « 
10.7 
10.7 
10.7 
15.3 
14.7 

ia.7 

1X8 
13,7 
1S.1 
12.9 
12.  S 
13,2 
14.  a 
13.5 
13.4 
13.6 
13. « 
13.5 
13.5 

9.7 
*v,9 
8.5 
I2.fl 
12.5 
VZA 
11,9 

1  iLa 

11.7 

n.9 
u.? 

11.7 
11.0 

10. « 
10.« 
10,7 
10.6 
10.7 
10.2 
10.8 
9.9 
9.9 
10.3 
10.  a 
10.5 
I(L4 
to.  4 
10.4 
11,0 
11.2 

G,  3  <     9. 4 
6.8  '  10. < 

6.4  1     9.6 
6,4  1  10.7 

14.5 
IS.  I 
l(j.6 
1(1.7 
16,0 
Ifl.O 
1«.0 
15.9 
1&5 
16.1 
16.0 
15.8 

16,4 

16,0 

15,5 

15.3' 

14.3 

15.7 

14,9 

15.2 

16. 1 

10, » 

10.4 

10,3 

10.3 

10,5 

10,5 

10.6 

10.6 

10.9 
10,3 
10.8 
10,8 
10.7 
10.fi 
10.1 
9.9 
10.2 
10.8 
11.7 
72,1a 
12.4 
13.6 
12.7 
13.0 
13.0 
12.3  , 
12.0 
11,4 

n.2 

11.6 
U.9 
10.3 
10.7 
11.4 
11.3 
11.1 
11.0 
11-4 
11,3 

L, 

t , _ 

k  * 

i ^_ 

6.4 
6,4 
6.3 
6,2 
6.2 
6.0 
5.9 
6,0 
5.9 
5.9 
6.0 
6.0 
\3 
5.4 
5.fl 
5,6 
5.  ft 
7.2 
».« 
9,3 
8.9 
9-2 
94 
9.5 
9,7 
9.6 
10, 0 

12.2 
11.0 
10.3 

iro 

11.0 
R.7 

izoi 

12.0 
12.2 
12.1 
12.3 

12.3 
12.2 
12.6 
19.0 
13,0 
12.6 
12.4 

ta.4 

12,6 
12.4 

12.6 
12.6 

12.2 
12.3 
12.2 
12. 1 

t      . 

L-     ...««.*..<.», 

\ ,__, 

l._, .-,-  —  .,**., 

Lllimillim!) 

L..., 

1        ,,,_ 

i,. 

L_*.,,.,.. 

\ .,.,,_,._,.. 

1 _ 

I , 

L..,..,. 

r 

^ „ 

L,. 

I 

Me»n 

11.9  ;  it.7 

1 

12,2 

10.  a 

9,8 

K.I 

7.1 

11,3 

H., 

13.3  i  11.2 

11.  a 

a  Rain  in  mountninK. 


ilS  OPEBATI024S    AT   RIVEE  STATIONS,   Wm. PART   V, 


BAKTA   ASA    RIVKB   AT   WARMSPRINGB,  OAlpITX>&KtA, 


1 


This  river  ha^  it;*  aourcse  on  the  southern  slope  of  the  San  Bernar    

Mountaine  and  flows  southerly,  appearing  from  its  canyon  4  miW  north 
of  ItiHlIands,  Its  waters  ai^e  completely  u^ed  in  San  B*5rnardino  Valley* 
At  the  lower  part  of  the  valley  the  water  appears  again  in  the  vicinity 
of  Rina>n5  where  the  river  passes  through  a  comparatively  narrow 
gor^c,  and  the  geneml  direction  of  the  stream  is  thence  southwcisteTly, 
emptying  into  the  Pacific  Ocean,  The  station,  established  June,  IS%, 
10  located  5  mile^i  northeast  of  Mentonc*  California,  three-fourths  uti 
mite  below  the  head  works  of  the  Santa  Anat^nal  and  oppasiite  the  warm 
springs  in  the  canyon.  The  gage  16  an  inclined  timber  fastened  to  i 
large  bowlder  and  posts  set  in  the  bank  of  the  river*  On  October 
16,  1898,  owing  to  some  lot^l  legal  eomplicattoDS,  an  unusually  krg€ 
volume  of  water  was  turned  into  the  Santa  Ana  canal  by  the  Bear 
Valley  Company.  This  water  was  wasted  from  the  canal  at  a  point 
below  the  old  gage  rod,  ne<*es.^itatJng  the  estahlishment  of  a  new  ^^ 
rod  upon  this  stream  at  a  point  below  where  the  waste  from  the  canal 
was  turned  into  the  river.  The  new  gage  was  put  in  November  0, 1838, 
and  since  that  date  daily  observations  have  l>een  kept  on  the  lower 
gage,  which  is  a  2  by  6  inch  timber  firmly  bolted  to  a  granite  cliff 
which  forms  the  left  bank  of  the  river,  and  is  situated  800  feet  below 
the  mouth  of  Wannsprings  Canyon  and  100  feet  above  a  ford  on  tie 
canyon  road,  A  landslide  cx^eirrred  l>e]ow  the  gage  rod  April  lt\  IS^^^ 
which  chjinged  the  condition  of  the  niting  for  the  station.  Owing  to 
the  shifting  nature  of  the  stream  l>ed  it  has  not  l>een  possihl(»  to  con- 
struct perfectly  satisfactory  rating  curves,  Init  the  tables  as  presented 
are  based  on  tb("  best  information  that  could  he  obtained.  The  record 
is  not  considered  al)solutely  correct,  hut  is  given  as  an  ap|)roxiin:ition. 
Tliis  river  is  one  of  the  most  difficult  streams  in  tlu*  State  of  whirh  to 
obtain  an  accurate^  record.  The  Edison  Electric  ('om})any  diverts  the 
greater  portion  of  the  water  of  Santa  Ana  Kiver  ahove  the  ^^aiiinL*"  sta- 
tion, hut  also  returnsall  of  it  above  the  station;  they,  howevei-.  all()\\  niily 
limited  portions  of  the  water  to  pass  out  of  their  conduits  durinLf  otr- 
tain  hours  of  the  day,  holding  hack  the  water  for  the  purpose  of  olitaiii- 
ing  additional  power  when  the  great(*st  demand  exists.  An  ellnrt  i> 
being  made  to  arrange  with  this  company  to  o}>tain  a  recor<l  cf  the 
number  of  gates,  the  sizes  of  the  openings,  arid  the  hours  at  which 
the  various  wheels  are  run,  in  order  to  more  accurately  deterniint^  thf 
volumes  of  water.  The  Santa  Ana  canal,  as  mentioned  al)o\r,  al-" 
diverts  water  from  Santa  Ana  Kiver  above  the  station.  i)ut  the  ii-iratti 
part  of  it  is  returned  to  the  chaimcl  of  the  stream  hefore  pa»inL:  the 
point  of  measurement.  A  portion,  as  indicated  l)y  the  measuirnu'nt> 
}>('l(>\\\  ])Msses  down  the  canal.  Results  of  measuremiMit^  may  be  feiiiid 
us  follows:  fS!Mj,  K\ghteeut\v  XwmvA  W^^oyV.  Part  1\\  page  411:  is:*^. 
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Twentieth  Annual  Report,  Pftrt  lY,  page  564.  A  number  of  measure- 
ments of  discharge  of  the  canals  diverting  water  from  Santa  Ana 
River  at  the  mouth  of  the  canyon  were  made  by  S.  6.  Bennett,  and 
ire  given  below.  The  following  measurements  were  made  at  the  main 
station  under  the  direction  of  J.  B.  Lippincott  in  1899: 

Dinchnrfjf  mea^nremenls  of  Santa  Ana  River  at  WarrmtjyringSf  Caiifomia, 

1899. 


r>Hti-. 


hJSht.    I>i«hHrge.r 


Dato. 


January  12  . . 
'  February  IH  . 
I    March  2».... 

May6 


Ftet.  .  i^cond-frri. : 

2.34  I  38.00  i  May31 

2.10  '  28.04  June  15... 

2.30  :  29.62  July  15 

2.45  25.84  |  August  24. 


h^o?ght.  |^*««J^e- 


Fcfi.      Sciumd'fert. ; 
2.27    I         21.00    I 


2.21 
2.30 
1.85 


19.  GO 
25.90 
10.80 


Bnimtj  UihU  for  Siinta  Ana  River  at  Wammmring*,  Oilifortiia,  applicable  from  January  1 


y\amiin)nngHj  C 
to  April  15,  1S91 


Gage  height.  niw;hHrge. 


Fbd. 
1.8 
1.9 
2.0 


Sectmfi-ffH, 

12.6 

1&.0 

1S.0 


Oage  height.  Diwhatxe. ::  Gape  height.  DiHcharge.  | 

_  i        .     1= ' 


Feet. 
2.1 
2.2 


Second-feet. 
21.5 
26.6 


Feet. 
2.8 
2.4 


;  Second-feet. 
I        34.0 
48.0 


Rating  tabUfor  Santa  Ana  River  at  Wamuprings,  California^  applicable  from  April  16 
to  December  SI,  1899. 


Gage  height. ,  DiHcharge.  | 


1.7 
1.8 
1.9 
2.0 
2.1 


Sectrnd-feet 
8.0 
10.0 
12.0 
14.0 
16.5 


Gagi2  height. 


Discharge. 


Feet.  ,  Seamd-feet. 

2.2  19.0 

2.3  22.0 

2.4  25.0 

2.5  I        28.5 

2.6  I       :«.o 


Gage  height. 


2.7 
2.8 


Discharge. 

Siamd-feei. 
:«>.o 

41.0 
46.5 
52.5 


Distchartir  mtasuremeniJi  of  Santa  Ann  canal ^  Cali/ornia. 

18VI9. 


Dau-. 


Discharge 


January  12  .. 
February  IM  . 
March  S\.... 
May  «j 


S*;c<mdft*i. 


Date. 


May  31 

4.00  i  June  15.... 
7. GO  I  Julvl5  .... 
."1.40  I    Augu.st24  . 

I 


Di.*«charge. 


S*!cond-/eet.  I 
1.10 
.'20 
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OE1BATI0N8    AT   KIVEE  STATIONS,  I8»9.^PABT   V.        l^^ 


Pi8f>har^  mramirrtnrntit  q/  fiinah  tiiiHTiinf  wtdir  Mmi  Snnia  Ann  fUpt-r  nt  mrtwM  ttf 


I 
I 

I 


Dftte. 

C$imL 

February  IS--., 

Febnuiry  18 

February  18 

Maidi23 

North  Fork  or  Highland  ditch . 

8.&7 

11.78 

17 
3.71 
7.70 

15,50 
1.45 

e.74 

li.67 

.14 

10.30 

.17 

.67 

7.7fl 

n-§o 

IS.  14 

i,aa 

12.70 
.50 

South  Fork  or  llei  llaiida  dtteh  ._-_,.   . 

Greeu  Spot  pipe  line .. 

North  Ftjrk  or  HiKhiand  ditch--- 

Itamh  23. < .,.. 

Soutli  Fork  or  Re<Uand8  ditch , , . 

M»reh23 

Green  SnotTKi^p  line.*.,,. ..  *-..^ 

Mm  ti.. 

North  Fork  or  Uijihland  diteh --.- 

Mttv(i..._<,.-,.,., 

South  Fork  or  Red  land  a  ditch  . . . .^^ 

Mav  (K. 

Green  Spot  pipe  1  ine^  .^*,,,^..-,.** 

MaVai .,.-. 

North  ir^rk  or  H  ighland  ditth 

May  3K. ...._„.„ 
Mav  31 

South  Fork  or  Eedlands  ditch  - 

Green  Spot  pipe  line _ ,,., 

Julie  15 „„•-,, 

Juno  15 .,-^ 

Jiuiel& -.....-.* 

North  J-Y^rk  or  Highland  ditch 

Morton  Canyon  water 

Redlarwb  tiwinel  water  at  point  wbeti^  it 

reaches  South  Fork  ditcn. 
South  Fork  or  Redlaudis  ditch  &t  flume  , 

ahfijveeand  box. 

Head  of  Green  Spot  pipe  line 

South  Fork  or  Redlands ditch..... 

Nort h  Fork  or  Highland  d  itch  „-,,,-.,. 

Jone)5 , 

June  li>. 

July  12 ...-- 

July  15 ...„ 

July  IS 

Mortnii  Canyon  water 

July  IS... 

RA^llfiniiri  tnnn**l  .                    .,,,.. 

July  1&... 

South  Fork  or  Rediands  ditch. ,_, 

Head  of  Gr^n  S^jot  pii>e  line. 

July  11^*- --.-, 

Daily  gage  height^  in  feet,  of  Santa  Ana  River  at  WarmtrpringR,  Calif o-niia,  for  1S99. 


liar- 


Jmu    FhVi, 


»-- 

11.. 
J 'I 

v~C 
11.. 

3fj.. 
17.. 
10.. 

22.. 

'^^.. 

27., 

30.. 
Bl.. 


'  2.10 


2.10 
!Llll 

L 10 

tJ,  lu 
*l  ICJ 
2.10 

±'m 

i.itti 

%m 
2.;si 

2  20 

a.w 

2,20 
2.J!ti 
2.20 
2. '2D 
2.20 
2,20 
2, '20 
2.20 
2-20 


2,20 

2.2S 

2,20 
2.20 
i^.2fl 

2.20 

2.20 
2,20 
2.20 

2.20 
2.20 

2.20 
^.20 
2.  LI) 
li,20 

2.20 

2,2t} 
il,2a 
2.20 
2.30 
2.20 
2<2fi 
2.20 
2,20 


Mdr 


2.20 
2.20 
2,20 
2.20 
2,20 
2.20 
2  20 
2.20 
2,20 
2.20 

2.20 
2.  l.*i 
2.15 
2.1 'I 
2.21> 
2.25 


AppJ^^iyJjnJiDj  Jiilv.  Auk. 'Sept.    (H't.     Nov.  I    Ihh 


2.30 
2,20 
2.1.^ 
2.20 
^.^ 
2.20 
2.20 
2. '20 

2.:.^ 

2.1^ 


2.1.i 
)  2.10 

I  :^.^o 

2.  :l 


:l,^ 


2.  as 

2,  MO 
2.3« 
2,35 
2,40 

2.4^1 
2.35 
2,2.5 
2.21 

2,:m 

2.30 
2  I^-i 
2,3.^ 
2.  SO 
2.30 
2.30 


2.:t^ 

2,a5 

2,2Ji 

•Lm 

2.  a=i 

2.25 

2.rv> 

2.:^) 

2.2.5 

2.,V> 

2.30 

2.30 

2.^M> 

2,140 

2-20 

2.:k) 

'i:m 

2. 2d 

'l^^^ 

±x-i 

i.;w 

1/Xh 

2.40 

2.30 

2,*^ 

2,40 

2- SO 

2.40 

2.40 

2,2.5 

2,;fci 

:i.40 

2.4*0 

2,  ;ti 

2.10 

2.30 

2.3,5 

2.:iS 

2.30 

'A!W 

2.B0 

2.  rji 
I  2.  ;-wj 

2. '10 
I  2.  til 
I  2, 30 

2.:^ 

2.3(» 
I  2.30 
I  2.30 

2.26 

2.2,5 
2/2^ 

2.  JO 

I  2.2,^ 

i.m 
I  2.20 

i  2.30 
2.25 
2.2,5 
2.Li5 
2.30 

'  2,35 
2.:W 

]  2.M) 
2  *2S 

I  £2rt 


'  2.;^. 
2.;^ 
2.:w 
2.;w 

2,30 

2.;i,5 
2.;l.i 

2.35 
2,45 
2,;i7 

2.  ;i,5 

2.  $5 
2.3.5 

2.3^) 
2.30 
2,30 

2.:k) 

2.1') 
2.20 
2.2.5 
2.2^ 

2.'iT 

2.  SO 
^5Cf 
2.;* 
2. 27 
2.2.T 
2.20 
2.20 


2.2(L> 
2.'AV 
2.20 
2.00 
2.00 
2,00 
l.tK) 
1.90 
1-W 

i.yo 

1.90 

1.1*0 
1.9t> 
i.yu 

1,90 

l.m 

1,H7 

Lt>7 

],H7 
1.tH» 
1,90 
1.90 


l.L^.i 

],yi.i 
1 ,  w 
1.90 
1,90 

l_9ri 
1.91J 
].9l> 
1,91) 
1,91) 
191 
1.91) 
l.Wl 
1.911 

i.yii 
i.H<:i 
i,^w 

1.80 

l,Nlk 
I. HO 

1.^5 
h^ 
1.R5 
1.1*0 

t  » 


i,',M>  \  1  yo 

1.90  1.90 

1,9<J  I  l,9^^ 

i.yo 


1.90 
1.9() 
l.iK) 
1.90 
1.1H» 
l.W 
2.  C") 
l.Si'i 
1 .  K'l 
1.90 
l.iK) 

1 .  SH) 
•1.  20 

2.  20 
2.  In 
2.  If) 
2.  lf> 
2.  1.') 
2.17 
2.17 
2.  17 
2.17 
2.17 
2.17 
2.20 
2.20 

20 
20 


I  r 


2.  .V        •-'  -4 


.  20 
.  11 
.  12 
,  l.'> 
.  l(,i 


.2>0 

.20  , 
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MUJ.  GREEK  IX  CANTON,    CALIFORNIA. 

This  stream  is  one  of  the  larger  tributaries  of  Santa  Ana  River, 
although  on  account  of  its  importance  for  irrigation  it  is  generally 
considered  as  an  independent  stream.  It  rises  on  the  western  slope  of 
the  San  Bernardino  Mountains,  draining  the  area  immediately  south 
of  the  headwaters  of  Santa  Ana  River.  Mill  Creek  appears  from  its 
canyon  about  5  miles  east  of  Redlands.  The  Crafton  Water  Company 
diverts  all  of  the  water  of  this  creek  at  the  mouth  of  the  canyon, 
particularly  in  the  summer.  The  water  passes  over  a  weir,  and  the 
volume  is  therefore  determined  with  considerable  accuracy.  The 
records  have  been  furnished  to  this  office  by  Mr.  Herbert  Garstine, 
president  of  the  Crafton  Water  Company.  They  are  particularly 
accurate  for  low-water  measurements.  This  stream  is  described  in 
detail  in  the  Nineteenth  Annual  Report,  Part  IV,  page  551.  The  first 
table  gives  the  measurements  made  by  S.  G.  Bennett  near  the  head  of 
Crafton  zanja  in  1899.  The  second  table  shows  the  discharge  of  Mill 
Creek,  as  furnished  by  the  Crafton  Water  Company,  at  the  head  of 
Crafton  zanja  during  the  irrigation  seasons  of  1897, 1898,  and  1899. 

D%$dtarge  meoMuremenU  near  head  of  Crafton  zanja,  Oi/i/omia. 


Date. 

II 
DlKharge.                         Date. 

Diflchaise. 

JAnnary  12    .... .......  . .  . 

^10.77    1     MaySl 

Seeomd'fut. 
11.61 
6.M 
7.40 
7.18 

Fphm«rT  !»* 

10.53    :.    June  16 

March  23 

15.6S    '     Julyl5 

May6 

14.»         AtigU8t24 

Discharge^  in  terond-Jeet,  of  Mill  Creek  at  head  of  CrafUm  zanja,  California. 

1897. 


Ihiy.     Ji 

ily.    Aii(f. 

....     21 
....     23 
....     24 
....     24 
....     24 
....     21 
....      22 
....      -22 
....      22 
....      19 
....      19 

i 
Sept. 

22 
22 
22 
21 
20 
20 
■    19 
19 
18 
in 

Oct. 

,7 

18 
19 
19 
17 
21 
19 
19 
19 
IX 
16 

Day. 

July. 

24 
24 

Aug. 

20 
20 
20 
20 
19 
19 
24 
26 
24 
24 

Isept. 

1 

'  18 
'■  18 
'    18 

18 

19 

16 

17 

18 

19 

20 

Oct. 

16 
15 
16 
18 
18 
18 
18 
20 
18 
18 

Day. 

July. 


'au«. 

1    22 

1  21 
21 
22 
21 
21 
20 

',    20 

'    '20 

;2o 

Sept  =  Oct. 

1 

•> 

4 

5 

6 

12... 
13... 
14... 

22... 
23... 
24... 

27     

19     1 

16    1 ■ 

15.. 

25... 

19    '.     . 

16... 

26... 

27... 
.    28... 

•29... 
1    30... 

3i... 

28 
22 
27 
'27 
24 
24 

19   : 

17... 

.18      ... 

in... 

'     18    ■ . 

i< 

19... 

1    19     

9 

20... 

1  19  ::::::: 

10 

21 . . . 

1 

11 

!      i 
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DEVELOPED  WATER  OF  SAX   BERNARDINO   VALLEY,  CALIFORNIA. 

The  streams  of  the  eastern  end  of  San  Bernardino  Valley  are  dis- 
charged from  their  mountain  canyons  on  a  delta-like  formation  of 
gravel  and  sand,  into  which  the  water  rapidly  sinks.  Apparently  a 
dike  of  imper\'ious  material  extends  across  this  valley  in  a  northwest- 
southeast  direction,  passing  a  short  distance  cast  of  the  town  of  Col- 
ton.  Into  this  body  of  undergound  water  numerous  development 
works  have  been  projected,  and  it  is  this  source  of  supply  which  fur- 
nishes water  for  irrigation,  particularly  in  the  neighborhood  of  River- 
side. Observations  were  instituted  in  1898  to  determine  the  total 
output  from  this  underground  source,  and  results  may  be  found  in  the 
Twentieth  Annual  Report,  Part  l\\  pages  557  and  559.  Similar  obser- 
vations were  made  for  the  Geological  Sun-ey  by  Mr.  K.  Sanborn,  in 
March,  June,  and  August,  1899,  in  order  to  discover  whether  there  is 
a  difference  in  output  at  the  end  of  the  rainy  sea.son  as  compared  with 
tHe  end  of  the  dry  season,  and  whether  the  supply  is  increasing  or 
decreasing.  The  following  table  gives  the  thret*  series  of  measure- 
ments in  1899: 


IHadutrge  mi^uturfmnUn  in  San  Bernardino  Valley ,  Cnlifamia. 


Date. 

Btreun. 

Ditch. 

DlKlwiKe. 

1899. 
Febniary  28  . . 

Do 

Dc) 

Mart-h  1 

IXi 

I)<> 

I)<> 

Do 

I>o 

Man!h2 

Do 

Do 

Do 

Wanii  Creek 

do 

Upper  canal,  Riverside  Water 
Company,  at  head  gate. 

Swamp,  at  first  turnout 

Mill  nume,  Riverside  Water 
Company,  end  of  flnine. 

Whitings,  head 

Melntyre,  head 

Whitlock,  flume  at  Waterman 
avenue. 

Ixjgsdon  &  Farrell,  at  head  . . . 

DaTev,  at  head 

60.53 

.85 
5.30 

.76 
.82 

Santa  Ana  Kiver  . . . 

LytleOetk 

do 

City  Crei'k 

.47 

do 

1.(>1 

do 

WarmCntik 

do 

do 

.71 

Meekri  &  Daley,  at  head  ^sito. . 
Haws  &  Talmage,  at  lK»ad  ^tv. 
Beam,  flume  at  hea<l 

17.00    i 
.28    ' 
.72 

do 

Rabel,  at  head  gate 

2.2(5 

do 

Shay  or  Stout  dam,  at  head 

gate. 
McKenzie,    300    feet    l)elow 

head  gate, 
^atw*  oHnal.  bpftfl 

2.  23 

Do 

do 

9.40 
.72 

1    March  7 

Santa  Ana  River... 
do 

1            Do 

Gage  canal,  Palm  avenue,  weir. 
Timlxjr,  at  head 

27. 40    ! 

!            Do 

do 

.00 

Do 

Artesian  wells 

Santa  Ana  River... 

do 

Camp  Carlton 

2.13 

March  10 

Do 

Lower  canal.  Riverside  Water 
Company,     Spanishtown 
ditch  turnout. 

Ward  A  Warren,  at  hea*l 

Wells,  Riverside  Water  Com- 
pany. 

Ranchero.  near  head ......... 

16.00 
3.09 

Do 

March  13 

Artesian  wells 

Lytle  Creek 

16.57    I 
1.64 

orSEATfOSS   AT  BtTBB  WAXIOirB,  Wm. — TAXT  T.        I^^ 


I 


Wlrll- 


*lii  ,.-,..* CoUoo  ToTBc^  Wftter  Cbw- 

I      iHov.  bead  af  ^pe  Une. 

lio I  Cit3f<s^OffcHoii__,. ,..., 

4i>  ...-* -^    Pomeioy  A  Msriile... ,-,, 

i1q ._.   ^obamci  ^  ffobli&rd..,., 


ion*  10 1  WwmOwek. 


Do, 

IK 


!..-.. do.. ._, 

',-,., do  ,^^  —  ,.,. 


Do. 


.do 


June 20 ,,  *..,-do  . ,_.-*., 

Do.......   8uitA  A&m  Eiver  ... 

Do... L....d0 

Do.-**...L.--<do  - -.-. 

Do* ••*»**..- ^. do  .  —  ,^ —  — 
Bo.^* .....do  __..__ , 


Do. 

Dd. 


Fumpiitg  pluite . 


.do 
,do 


il  II  tic:  2*)  ..-,,,    ^Vann  Cit^^k . 
Di,..__ rlo  ___ 


I>'*... ...,    Saiilji  Alia  Rivir  ... 

!>*» I*ii[ti|iiri^  iilaiitF_,._ 

Tti... ...„«!.> ,„.,., 

IJ*. ..._,.  _...*ln  ... .... 


Jiujf  27 Warm  Creek. 

no. ;  rltvfVt'k... 

Do ; '.do 


Do do 

June  28 Santa  Ana  River  . 


Au^ist  22 


Warm  Creek. 


A  iigust  25 , do 

Do do 

Do I do 


L 


Do j do 

Do Santa  Ana  River  . 

Do ' do 

i)o do 


fncmiijoDmb^iieaUdhrcnfinnfl. 
Haw^   a  talm^^,  300  fcwt 
beiow  bead. 

B*beK  w«irftiheftd _.„ 

Sfasr  or  l^kHit  dftin,  veir  tf 

McKmm,    150   i^t    bi4ow 

Swaropr  weh  ^t  ttinioafc 

Ga^  c&nfll,  welrai  bead. 

Gaj^canml.  P^tu  avenue,  w^r. 

Timt*i*r,  head* ,** ^...,,,.. 

Ward  ^Warren,  wi^ir&ibiead. 
Camp  CarlttPnt  weir  »t  head  .  * 

Mrlnt yr^,  wei  r  at  head ,  , 

East  Bivemde  irriipUiDn  db^ 

tnet,  weir  to  refervou'. 
Upper     Bloomiogloti,     suii- 

merged  weir  near  bead* 
Lower     Blo(?minjrton,     jmlv 

m  ergM^  w  e  i  r  fl  ti  n  i  e, 
^^trk!*  &  r>alev,  weir  lit  hrxid  . 
Tpixr  earial,  fti  verbid  eWiii*.'r 

C^irnpany,  \veir  at  liead. 
Mill  (iiime,  Riven^ide  W;itrr 

CVnii|mriy,  Jiume  at  mill. 
Cfjlton   Tt'rratv  Water  Com- 

jiany,  head  of  pijjo  I  me, 
City    of    Coltnn*  weir,  ii]}]>i^r 

plant. 

Cit  V  I  if  Cohon,  e?:timatt"<l  , 

Mifl  pimip,  Rivep^iile  WaTer 

Company,  weir  at  milL 
B*^ni,  tlnme  Rt  heail ..»..,,., 
WhitinK!*,  weir  at  lii?ad  ....... 

Whitltiek,  flnme/^tili^i^tnH't.. 
I»gsdon  <5:  Farreil,  tiume   at 

head. 
Daley,  flume  acropsCityCnx^k. 
Lower  eanal,  Riverside  Water 

Company,  flume  at  head. 
McKenzie,    2CK)     feet    below 

head  pate. 
Ilawg  &  Talmage,  head  gatt-  . . 

Ral)el,  at  head  gate 

Shay  or  Stout  dam,  weir   at 

head. 
Meeks  &  Daley,  weir  at  head  . 

Gage  canal,  weir  at  head 

Gagecanal,  Palmavenue,  weir. 
Timber,  head 


I.2S 


*Ott 
.CD 
M 

KM 
1.13 

a 

25. 4S 

.m 


3.3* 

5.!IS 

5:1  j'i! 

7.  ?> 

] ,  :>^ 

2  )P»i 

J2.IS0 
L77 

1.  i:^ 

2.  <^^ 


24.11 
.(VI 
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IHKharge  meaturtnunUs  in  San  Bernardino  Valley^  Califomui — ContinutMl. 


Date. 

stream. 

Ditch. 

DlHchaige. 

1899. 

August 26  .... 
Do 

Wann  Creek 

Lytle  Creek 

do 

Beam,  flume  at  heatl 

Secand-feeL 
.40 
.00 
.01 
.41 
.00 

1.30 
1.52 
2.37 
1.18 

3.a5 

.00 
.00 

1.20 

1.02 
.09 
.54 

.51 

.69 

1.56 

2.50 

1.67 

52.04 

7.38 

Mclntyre,  head 

Do        -  . 

Whitings,  head 

Do 

do 

Ranchero,  weir  near  head 

East  Riverside  irrigation  dis- 
trict, pumps  not  running. 
CoUon  Terrace  Water  Company 
City  of  Colton,  upper  pumps. . 
City  of  Colton,  lower  pumps . . 
Unper  Bloomington,  weir  at 

Ix>wer  Bloomington,  weir  at 
flume. 

PomeroyAMarble,not  running. 

Johnson  A  Hubbard,  not  run- 
ning. 

Base  line  and  Waterman  ave- 
nue, estimated  by  owner. 

Camp  Carlton,  weir  at  head. . . 

Whitlock,  flume,  Stiles  street. . 

Logsdon  &  Farrell,  flume  at 
head. 

Daley,  flume  across  City  Creek . 

Swamp,  weir  first  turnout 

Ward  dc  Warren,  weir  at  head. 

Mill  flume,  Riverside  Water 
Company,  flume  at  mill. 

Mill  pump.  Riverside  Water 
Company,  weir  at  pump. 

Upper  canal.  Riverside  Water 
Company,  weir  at  head. 

Lower  canal.  Riverside  Water 
Company,  flume  at  head. 

Do 

Do 

Pumping  plants 

do 

Do 

.  ...do 

Do 

do 

Do 

do 

Do 

do 

Do 

do 

Do 

do 

Do 

do 

August  27 

August 28  .... 
Do 

iSanta  Ana  River  . . . 

City  Creek 

.....do 

Do 

do 

August  30 

Do 

Do 

Warm  Creek 

Santa  Ana  River... 
do 

August  31  .... 
Do 

September  1.. 

Pumping  plants 

Warm  Creek 

Santa  Ana  River  . . . 

TEMESGATi  CREEK  NEAR   RIMGON,  CALIFORNIA. 

This  stream  rises  in  the  extreme  southwestern  corner  of  Riverside 
County,  California.  Its  smaller  tributaries  have  their  sources  on  the 
eastern  slope  of  the  Santa  Ana  Mountains.  The  river  flows  in  a  gen- 
eral northerly  direction,  entering  Santa  Ana  River  2^  miles  above 
Kincon  and  just  above  the  lower  narrows  of  the  Santa  Ana.  San 
vJacinto  River  discharges  into  Lake  Elsinore.  During  years  of  heavy 
ninfall  this  lake  overflows  and  the  surplus  water  finds  its  way  into 
"Temescal  Creek.  During  the  last  few  years,  however,  there  has  been 
»io  such  dist*harge  from  Lake  Elsinore.  The  water  of  Temescal  Creek 
end  of  its  tributarv,  Coldwater  Creek,  is  used  for  irrigation  in  the  vicin- 
ity of  Corona.  A  series  of  measurements  of  Temescal  and  Coldwater 
fsreeks  have  been  made  by  F.  Rolfe,  and  are  given  below.  The  first 
table  gives  the  measurements  at  the  upper  pipe  line  of  the  Temescal 
Xand  and  Water  Company  at  the  manhole  in  Bolfe's  field;  the  second 
table  shows  the  discharge  of  the  lower  pipe  lino  at  Eddy's  blacksmith 
shop;  the  third  table  is  the  discharge  of  the  aami^  -^vq^  Voi^  T^^ftx 
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i^m 


Rilcy'i*  miK'h;  th*^  fourth  Uble  nhowH  the  discharge  cif    CoMwftter 
Cfepk  at  itM  Dioitib. 

Durir!|(  thp  rwent  dry  ypm^n  there  has  been  no  tiui^fat'-e  flow  of  Tem- 
66cal  Cn?ek,  Tbo  wfttcr  flowing  in  tbfr  ujifK^r  pipe  litii*  of  th**  IWiei- 
tCal  Ijttiid  and  Water  CVjiiifmny  includes  the  pnnripal  part  of  the  flow 
of  ColdwiiU'r  Creek  and  Temej^'al  Hot  Springes,  auyrmentini  by  waU*r 
pumped  from  well«  hi  Teiuest^al  Valley. 

IHuthfir^  meanurt'm^nis  of  tipper  pipr  lir/f^  wf  TfTfif:»cal  TjdJtd  ftrtd  Wt^i^  COfl^fm^  f4 
manhoif  in  Ui^/^*ftjifhl,  Calif omin, 

urn. 


imxie. 


Fobninry  4. 
FL'hfunry  U, 
Fobrtirtf  y  l§. 

AtMrUH 


VUrhiajlv^ 


a.  to 

8.74 


DaIi*. 


MUST  IS. ■ 
June*,* 

JUD« 10. 

July  10.. 
July  If, . 


Ii1i«.'TMifV*u 


^.t^ 
nn 


Omtrhnnjf  mrtimtrtrnmU^  </  Ufwcr  pipe  lm€  ftf  Jhntmal  Land  mud  W€UiT  CbiHjjeti^i 

OUiforma. 


.Funnarv'2'^. . 

Date. 

Discharge  ' 

0  (k)  rt     1 

Fi'ltniurv  1  

.00  fi 

Kchruarv  11 

?,\  n 

Ki'hnuirv  15 

1 .  30  a 

Ft'hruarv  2t) 

1  r><j  a 

March  1 

4.22  ri 

March  12 

3  .SI  (I 

March  IH 

2.  69  a 

March  25  .         .            

2.  91  rt 

3.  Vl  a 

.  X9  a 

March  :n 

April  H 

Pivri.Mn:. 


s<r,>nfi-i'"i. 


April  22 

April  29 •.'/>•• 

Mav(> t.  Ih,; 

Mav13 2.V.  rr 

Mav:^ :■;  iL>v,h 

June  9 ;>  li>  '■ 

June  l.S 2.  :,f>  ^ 

Julv4 2.^7'. 

Jul  V  19 J.f.U. 

July  28 2.4^/ 


fi  Measurements  at  Eddy's  Itlackstnith  shoj*.  /»  Measurement.s  near  RiK  y"s  mix  b. 

Jji.Hchdrfjf'  tnf(h'<ujrin(:nt,'<  of  ('ohiiritlrr  Cnrlc  at  imntfh,  ( 'alifnnn.i. 


I)ate. 


January  18  .. 
January  27  .. 
February  3  . . 
February  1 1  . 
February  18  . 
February  21  . 

March  1 

March  12.... 
March  17.... 

March  25 

March  31  ... . 
April  14 


Di.scharue. 


Second -ff  ft . 
l."43 

.99 
.97 
.78 
.94 
.92 
.71 
1.60 
1.18 
.84 


Date. 


April  15. 
April21. 
April  26. 
Mav5... 
Mavis.. 
May  17.. 
May  29.. 
Mav31.. 
May  31.. 
Junes.. 
June  7... 


Disohnrpe. 


I  Secnyid-f'd 
0:t72 


.21     I 
.21 
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OHIMO  OHBEK  AT  BINOON,  CAUFOBNIA. 

San  Antonio  Creek  discharges  from  the  southern  slope  of  the  Sierra 
lladre  onto  a  larjire  bed  of  sand  and  gravel.  The  underground  waters 
percolate  slowly  to  the  south,  and  b^n  to  appear  again  in  the  channel 
of  what  is  known  as  Chino  Creek.  This  creek  enters  Santa  Ana 
Birer  just  before  the  latter  stream  passes  through  its  lower  canyon  in 
the  Coast  Range.  The  discharge  of  Chino  Creek  is  very  constant, 
owing  to  the  nature  of  its  supply,  and  hence  water  rights  along  its 
course  are  valuable  on  account  of  their  permanency.  A  series  of 
measurements  of  the  supply  of  this  creek  were  made  during  1899 
under  the  direction  of  J.  B.  Lippincott.  There  is  no  gage  rod,  owing 
to  the  shifting  nature  of  the  stream  bed. 

Discharge  meamiremenis  of  Chino  Creek  at  Rincan,  Cnlifomia. 


Date. 


May  16.. 
JmieS.. 
JooelS. 
Jii]r4.. 
July  17. 
Angortl 


DiflcharKe. 


Seetmd-feet. 

1179 
8.04 

1^7.02 
A.68 
t.03 
4.68 
7.49 


Date. 


Angostl.') 

AuguntSl.... 
September  29 
Octcbtf  25... 
October  26... 
18 


DiRcharge. 


Secamd^ed. 
2.14 
8.19 
888 
14.82 
14.82 
90iOB 


SANTA  ANA   KIYER  AT  RINOON,  CALIFORNIA. 

This  river  and  its  tributaries  derive  their  water  supply  from  the  south- 
ern and  western  slopes  of  the  San  Bernardino  Mountains.  On  their 
•{qpearancefrom  their  canyons  the  water  is  shortly  diverted  for  irriga- 
tion purposes.  After  passing  through  San  Bernardino  Valley  water 
b^ns  to  appear  on  the  lower  courses  of  Santa  Ana  River,  and  at  the 
point  where  it  passes  through  the  Coast  Range  a  remarkably  constant 
stream  is  found.  The  bed  rock,  although  not  visible  in  the  channel 
of  the  river,  must  be  near  the  surface,  judging  by  the  appearance  of 
the  water  in  the  bed.  Springs  of  large  volume  occur  on  the  southern 
side  of  the  river  near  Rincon,  and  the  flat  lands  immediately  above  there 
are  heavily  saturated  with  the  rising  water.  Artesian  water  also  is 
found  in  considerable  quantities  from  Rincon  to  Pomona,  in  the  valley 
of  Chino  Creek.  Twelve  miles  above  Rincon  Santa  Ana  River  passes 
through  what  is  known  as  Riverside  Narrows,  and  here  also  the  watei^ 
appears  at  the  surface.  Approximately  80  second-feet  are  used  in  this 
locality  for  irrigation  purposes.  Two  measurements  were  made  at 
BivexBide  Narrows  in  1899,  the  first,  on  July  17,  showing  a  discharge 
of  81.70  second-feet,  and  the  second,  on  September  12,  showing  a  dis- 
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\m>.t 


chmtgie  of  S9«89  seooDd-feet,  Meaaitr^monbi  wero  also  made  dnriiig 
1B&9  ot  Santa  Ana  River  at  the  KimM>ti  Narrows.  The  fir^t  wet* 
nmcb  1  mile  bi'Iuw  the  town  of  Bioeon,  and  mcluded  the  water  of 
Chino  Creek,  After  September  29  mGa£suremeiit§  were  made  at  ihfr 
bridgeti  in  th«  town  of  Riocon  and  atove  the  mouth  of  Chino  Cn^k 
It wiiJ«  found  that  at  thw  latter  point  from  2  to  3  i^econd-feet  more  wtter 
waa  flowing  than  at  the  locality  1  n^ile  below,  where  the  earlier 
measprementa  were  luade. 

DUchartff  tnmfitfrm^M*  of  /Simla  Af*a  Rittr  mar  Rino&n^  Hehw  mouih  of  €hino  0«t 

Cbii/cimio. 


I 


iMte. 


Dlachuxc  in  rnxood^eeL 


wm. 


jAUuajylfi 

jKbimry  ^, , . . 

tUfrhf 

HAielilS 

AprtU 

AprtllS..,..., 

MMft ^,-, 

May  15 ,., 

June  a,,...... 

Jtin«l#., 

laJr* -*. 

Jtiljria 


HSlrer.       CkuiiL       TottL 


iszm 


30ft.  40 

HAL  go 
tn,oo 

%m.m 

totta 

1001.  M 
U0l27 


51,  IS 


n 


C80 

£.15 

3,  IS 

3  +i 


lew 


t<a« 
1111$ 

f7.P»T 


Ifti^rhirfjt  m^mfitn'mi'iili^  i*f  S^nin  Aitti  Utvrr  at  Mhtmrif  nbov^  mmiih  of  f'hiftt!  ty^d\ 


1^99. 


tHM:i)iirgi-  ^n  stviunl-Uvt, 


Tr.uk 


cVto>iCT2.5 ,. .....„..^..„.J     13US2 

<  irlntH-r  2ti , ., , ,- , . ,  J     14(1-  Sa 

NovumtKrlii.*., l[il.J6 


lJ.iS2 

lA  .tO 

n^-^SM 

14  '>:► 

■Sill 

Vil.V. 

1^.06 

-Ml 

171  t: 

SAN'    LUI?*    tlET    RIVEU,  CALIFORNIA. 

Thi.<  river  rise^  tni  tht*  wt^strrn  slofie  of  the  Ctnist  Kuti;ji\  in  thi' 
northern  part  of  San  Die^o  County  *  Ciilifnrniri-  It  !l<>\v>  \n-,st<TlT, 
with  nipid  fulL  iind  nfUH'  ptis^in^^  through  a  niirniw  tfiip  in  thr  inoim- 
tiiins  linully  ent*M'>i  tlir  Pacitit*  iihout  85  mik^s  north  at  Sun  Dioj^'- 
The  water  of  thi.s  rn  er  i.^  diverted  ujKm  its  appcjunmre  from  the  rjinvou 
Jiy  the  tlynuv  of  the  E^enndido  irn^f-iition  distrirt,  and  U  roudiK-ltHl 
to  a  j't*&'crvoir,  wlicnec  its  NS'^lev^  vivt:^  u^^^^i.  lox  \T:\\^ikiu  i^urposei^i.    In 
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idition  to  this  diversion,  2  seoond-feet,  approximately,  are  permitted 
>  remain  in  the  river  for  the  use  of  the  Indians  near  Pauma,  who  are 
rior  appropriators.  The  following  results  are  furnished  by  the 
iaoondido  irrigation  district  The  measurements  are  made  over  a 
reir  at  the  headworks  of  their  canal.  The  following  table  shows  the 
Dtire  flow  of  the  river,  with  the  exception  of  the  2  second-feet  noted 
bove.  The  drainage  area  at  the  point  of  diversion  is  229  square 
liles. 

Difchiinje^  in  ^'mnd-feei^  of  San  Lim  Rey  Rirrr  in  cantfon,  California,  for  1899. 


iHiy. 

Jan. 

0.0 
O.U 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
24.0 
(».0 
0.0 

to.o 
Ckffl 

CO 
LO 
&t 
&* 
CO 
C7 
HO 
1.4 
l^ft 
5.« 
1.1 
1.0 
1.D 
1.0 
1.0 

Feb. 

3.0 
20. 0 
.33.0 
13.3 
14.» 
10.1 
10.2 
10.2 
9.3 
9.0 
Kt 
7.  J* 
7.(( 
7.S 
r* 
7,1 
4» 

&« 
fill 

iJ 
it? 
l\ 

fitt 

M.r. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept, 

Oct.  1  Nov. 

Dec. 

1 

2 

8 

5.6  10.9       a       10.0 

.•i.3       9.3    10.0 

R-O       9.0    0.0 

4.7  ■     K.6    :    0.0 

4.1       H.1    0.0 

8.6       7.8    1    0.0 

a         a         a 

a 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0    ' 
0.0    ■ 
0.0 

4 

g:::::::::::::::: 

0.0 

0.0    1 
0  0    ' 

7 

3.6       7.3    !    0.0 

3.6       6.5    0.0 

0.0 

8:....: , 

0.0 

9                 ..    .    .. 

3.6       6.2    . 

8.6       5.9    ..   .., 
3.6       5.3    ...... 

^.   t^                     4.     5           ,   ,    ,    ,   ,   r 

3,6       4.6-   --... 

0.0 

0  0    1 

lo.:::::::::::::: 

0.0 
0.0 
0.O 
M 
0.0 
0.0 
0,0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

o.o 

0.0  ! 

11 

0.0 
0.0 
0.0 
0.0 
0.0 
^0 
0.0 

cs 

0.0 
OlO 
0.0 
0.0 
0.0 
£.6 
0.0 
0.0 
0.0 
0.0 
7.2 
Gl4 

12 ..... 

U 

u 

!.«'    't^ 

.--... ,..,,, 

15 ,... 

tx 

1C4 
11.7 
117 

».o 

Ii.5 
11,1 

U.7 

19.5 
11,7 
1&0 

lis 

l&l 
11.T 

4.1 
1.9 
1.1 

OLO 

0.0 
OiO 

ao 

0.0 
0.0 
OlO 
DiO 
4.7 
CI 
0.0 
qlO 

5:;;::::;:;:;;::: 

17 

0.0 

ao 

0.0 
^0 
OiO 

0.0 
1.0 
0.0 
0.0 
0,0 
0.0 
0.0 
0.0 
0.0 

la ,„ 

.-.-., 

.    19 

,  n * 

!  3;:::::::.: 

""■"" 

22 - - 

' 

21 .,,„„ 

24 

25 - „ 

26 ., 

27 

0.0 
D.O 
0.0 
0.0 
0.0 

25 ,,,, 

..,.., 

29 

80 ..,...,,* 

n — 



a 

Rirer 

dryfo 

rmoni 

th. 

SWEETWATER   RTVER  AT  SWEETWATER   DAM,  C^ALIFORNIA. 

This  river  has  its  source  on  the  western  slope  of  the  Cuyamaca 
liountains,  in  the  extreme  southern  part  of  San  Diego  County.,  Cali- 
fornia, adjoining  Mexico.  During  the  last  three  seasons  obsen^ations 
)f  the  discharge  of  this  river  into  the  Sweetwater  reservoir  have  been 
nade  by  N.  H.  Savage,  who  is  the  chief  engineer  of  the  Sweetwater 
rrigation  system.  The  measurements  are  of  particular  accuracy, 
lecause  the  capacity  of  the  reservoir  is  definitely  known,  and  the  read- 
Dgs  of  the  gage  rod  in  the  reservoir  indicate  volumes  discharged. 
if r.  Savage  furnishes  these  records  voluntarily,  and  they  are  of  special 
nterest,  not  only  because  of  the  great  value  of  water  in  this  portion  of 
ian  Di^o  County,  but  also  because  this  basin  is  located  in  the  extreme 
cmthwestem  comer  of  the  United  States.  The  effects  of  the  severe 
xonght  of  the  last  few  years  in  southern  California  are  brought  out 
IBB  89 3 
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I 


vcrj'  plaioly  by  a  mindy  of  Ihe  dist^^liArge  table  which  h  given  below* 
Thfi  druhmg^  urea  nbc^ve  the  ireen'oir  is  186  square  niili'isi.  The  i?eooDd 
table  sfaowiii  tht*  aftiount  of  evaporatios,  hj  weeks,  from  the  w&ter 
aurfaoc^  of  th*^  Sweetwater  resenoir,  from  January  1,  18^7,  to  April 
ao,  mmi.     Tht^  third  table  ^howa  the  rainfall  for  1808. 


I 


T^atelffir 


Run-off. 


.00!^      ,niti 


km  I 


N 


I 


J«iii«ijltoJtm« 


W«eklir.        Hontlilr. 


jttun 

July  IS  ...,.,, 
JuJyifi 

August  K . , .  ~ . 

Amiru»t  f^..., ,.... j 

AuK'i'^t  T'v ,  J 

Aii(iui«ttrj ..I 

AiiKllJ'tl'W-......., 

Ht-pfciii^p^T  19  .... 
ik'tnlHjr^ I 


*7W 
1.722 

1.7R3 

7% 


2Bvm 


eLoaa 


hmte. 


October  111,.,... . 
(Jeiol*ti7..*..._ 
Ocrobt'r2i.,.„.- 
October  31„,„,, 

NfivemK^r? 

November  14  ._. 

NDT^mberSS  .... 
r»PCfm.l"H;'r  !■* 

DeutrmbiT  IS 

rii'r^fmJM.ir20K 

l>cccmtpLT31,..,. 


Weekly. 


Trilii]  f.irlvlT 


LSU 

1.001 

.IM 

1.S13 

i.coa 

1.148 
.S74 


Uoam 


^Kil.W 


Jlt-mnl*  fur  vhri^  di^y-*  in  AugujJi  wtrv^tM^EOirili;  high  wipij*  filk^I  jnui. 
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EvaporoHon  at  SweeHeaier  dam^  OaUfomia — Continued. 


Date. 


JaiiiMry2 

January  9 

January  16 

January  23 

January  3D 

F(>bniar>-  7 ... 
Febniary  13  . . 
February  20  . . 
February  27  . . 

March  6 

Manhl3 

Mar(rh20 

March  27 

Aprils 

April  10 

April  17 

Aprir24 

Mayl 

Mays 

May  IS 

May22 

May29 

June  5 

Jane  12 

Juno  19 

June  26 

Julys 


Weekly. 


Iiteke$. 
a  0.631 
.107 

.»2K 

.246 

.492 

.574 

.41 

.574 

.K2 

.730 

.129 

.77:^ 

.738 

.K2 

1.24M 

.670 

.M9 

1.066 

I.14K 

1.:It3 

1.2&S 

.211 

i.2:» 

l.a 
l.Ot.6 

l.:t94 

.4M0 
1.201 
1.640 
1.617 
1.8D4 
1.031 

.778 


Monthly. 


incha. 


Date. 


July  10 

July  17 

July24 

July81 

Augimt? 

August  14 

Aufnist  21 

AugtU(t28 

September  4 

Septem!)er  11 

September  IH 

Septemlxjr  25 

()ct*»ber2 


Weekly. 


5.611     j 


October  9 

CK-to»>erlfi 

(Vto»>er2:i 

<)ct<»b<«r:w 

NovcmlKT  0  . . . 

NovemUT-13 .. 
KovemtM.'r20 .. 
NovemU'r27 j 

De<'emlHT4 | 

DefvmUTll.. 
Detx;ml)erlH.. 
December  25.. 
December  81.. 


Total  for  1806. 


itichn. 
l.?22 
1.968 
1.801 
1.886 
1.801 
1.801 
1.886 
1.801 
.843 
1.125 
1.722 
1.804 
1.599 
.989 
.39!) 
1.2:^ 
1.189 
1.025 
.981 
.176 
1.051 
1.066 
.821) 
.738 

.3:m 

.445 
No  record. 
No  n-i'orrt. 
No  record. 

.422 


Monthly.! 


InchTM. 


4.012 


.867 


flO.233 


a  Eraporation  during  last  Ave  dayn  In  1W7.        Record  mteslnK  for  three  weekn  in  Decconber. 

1899. 


If 
January! < 


January  8. . 
Januar>'  15. . . 
Januar}'22... 
January  29. . . 

Februar}'  5  . . 

Februar>- 12  . 
Febniary  19  . 
February  26  . 

March  5 


aO.422 
.070 
.828 
.246 
.538 
.820 
.165 
.411 
.6r)6 
.802 
.820 
.281 
.7UB 


March  12 

March  19 

March26 

I     April2 I 

"    April9 

I    '2.162    '      ApriI16 ; 

f    ^^^    ..     April23 ! 

AprH30 


1.23 
.902 
.656 

.878 

1.148 
1.230 
1.8}<6 
1.312 


5.928 


2.970 


Tiital  for  1899. 
to  April  30. 


a  Evaporation  during  la^t  Kix  ilayH  in  1898. 
Rainfall  *it  SareUcaier  dam^  CcUi/onnn. 


Month. 


I      18U8. 


January  , 
Februar>' 
March... 
April  .... 

May 

June 

July 


InrhfM. 

Tnrh^t. 

2.:« 

2.40 

.13 

.70 

1.50 

.89 

.33 

.23 

.85 

.11 

0.00 

.58 

0.00 

.00 

.Month. 


Angurt  ..., 
ScpU-mber 
(Kriobor  .. 
November 
December  , 

T«>tal  - 


1898. 


fnehf*. 
0.00 
0.00 
0.00 
0.07 
0.76 


Inrhcf. 
.00 
.00 
.41 
1.(56 
.77 


5.97 


7.77    I 
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OrtlM 


Dliftaf^  ttefftrere'  droQi^iit  of  IS^S  meB^uTtmenXs  on  the  bipoi 
of  dlifoiiiia  doria^  their  k>w  gtagres  were  iosti 
aod  tiie  resultii  wtT«  riioim  in  Water-Siipplr  Fkper  No*  28,  page  10^ 
JDw  niatbU  for  i8W  «i«  also  defideal  throogbout  Ckliforaia,  and  tip 
tlM  prefeni  tiio^  tbe  wvler  aboitage  has  been  extreme.  As  a  fon- 
tiiitiaiticMi  of  tbe  low-waler  measurements  of  the  previao^^  jear^  tk 
gi¥^Q  below  were  made  doriDg  18$^: 


m^ 

Lniitr. 

m.^ 

laawr"--^ 

Har^ii..... 
ManiiS..... 

tto 

Up 

IVl „ 

EmioaCmnrrmrmxk 

AtiUlp 

urn 

•43 

N«ri^)w«tSj  milts?  mbore  Piro, 
H«adwiQtfep  flf  @«^pfr  L&iMl  uxl 

Wii^  OompaDjes  caoaL 
ta  anda  CInra  Valtor.  1  mile 

tMtftf  FUlaioia, 

PiraCroek 

„,_^ 

WolTwiciCm-k.-- 
Ffan^eCm^ 

American  River.-.. 

„„.<io  .., „ 

.lo    _,,..,„,--. 

. . .  .4'*  , .  - -  -  -  - 

Id  ieet  fttxm  headworka  of 

Dp]  Roiacianl, 
At  point  ab(m  bcadworks  <rf 

At    paint    bdow    intake    m 

wmlM  <»QaL 

JeEv?  FeiTT 

I  miJe  abave  mouth  of  South 

Fork. 
North    Fork    ditrh,  at    ri-.a^i 

crciflgiiig  2|  milf^  atiove  F^.l- 

som. 
Nstoroa  diti?h,  S*>iith  FArk,  ai 

Platvrville  maii  rpTa^inL*. 
South  Fork,e?tiroate^i  by  Mr. 

K  n  i  p-h  t„  siip^rin  ten  den  t  Ft » i - 

Pom    Electric  Power  Com- 

paoy. 
At  lown  of  Sunercreek,  e*li- 

mat*^i. 
At   bridge.  Jflrkeoti  anri    U^- 

tr»>be  rii*ad  crof?¥ing. 
iMteh,  si^Qih  sid*e.  at   bridge, 

Jat^kR-in  and  Latrobe  rvxa-l 

100  feet  below  bridee.  yh^± 

Hil»,Jfl->k*:^^^:*d: 
Bridge,  San  Andres  and  Jut  k- 

Oakdale ....._, 

KOOO  feet  below  cwng  ftA- 
tion.  at  bridge,  La^rrange. 

Turbx^k  i^BJial.  flutne  S'l.  .1 

MininjT  ilitcb 

Total 

1 

I'^Mll 

Ik*..-,... 

September  14  _ 
Dt. 

^pf ember  9  , , 

lV*eunine  River  . . , . 

.....du  ..,_--.,_... 

Mok^lumn**  River. - 

1  'akveraii  River  . . . , 

?5tAnL*Utii?  River 

TiMluruDe  Ris-er  .  _  _ 

.io  .._.. 

do 

Hi" 

^piemU-rn,, 

D.> 

IK.„ 

04  ii* 

ti.?.  l^' 

MiKfilanetmt  dia^arge 
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Dftte. 

9tRam. 

LomUty. 

; 

WirhAnw.     1 

Seamd-fitL 

September  11  . 

Merced  River 

Hoffman  canal.  300  feet  below 

16.50 

Do 

do 

head  sate. 
1  mile  above  hea<l  gate.  Hoff- 
man canal. 

35.50 

Do 

Do 

do 

do 

Vft]1«>v  Millfi  Altrh 

4.95 

Total 

.Snellimff  ditch,  estimated 

56.95     , 

0.50 

Septemljer  8  . . 

San  Joaqoin  Kivf  r  . 

PollftPkv.  500  feet  above  bridge. 

269.30 

Do 

du 

Hemdon 

195.60 

September  4  . . 

Kings  Rivtrr 

Red  Mountain 

206.00     ! 

Do 

do 

Church  ditch,  at  check  weir 
jurt  below  Trinmier  Spring? 

151. 10 

Do 

do 

roadcrosinff. 
Fowler   Switch    canal,   near 
mouth  of  can  von. 

1            0.00 

Do 

do 

Kingsbarg  canal,  near  mouth 
of  can  von,  estimated. 

0.25 

Do 

do 

Enterprise  canal,  near  mouth 

2.00 

Do 

do 

'76  canal,  near  mouth  of  can- 

0.00 

Septembers  .. 

KAweth  River 

yon. 
Kaweah  Irrigition  and  F6  wer 
CompaiiycanaL  This  water 

1.49 

Do 

Do 

do 

do 

ia  bemg  pomped  from  wella. 
PdgQesditch 

4.87 
40.92 

One-half  mile   above  head- 

woricfl  of   Kaweah  Irriga- 

tion and  Pbwer  Companv 
canal. 
North  Fork 

Do 

Do 

^o 

do 

1.12 
0.41 

South  Fork,  Britton  ditch 

I>o 

do 

South  Fork,  estimated,  Butt- 
mann  A  Hitchcock  ditch. 

0.20 

Do 

do 

South  Fork,  Garter's  lower 

ditch. 
South  Fork,  estimated.  Car- 

0.32 

Do 

do 

0.25 

ter's  upper  ditch. 

Do 

do 

At  iron  bridge 

33.30    1 

8epteint«r  5  .. 

Tule  River 

Pioneer    canal,    just    below 
headworks. 

13.12 

Dij 

do 

ing,  1  mile  below  head  gate. 

8.43 

I)*i 

do 

Pioneer  canal  at  bridge  road 
crosRing,    2    miles    below 
head  gate. 

7.06 

September  2  ... 
Do 

Poeo  Creek 

0  00 

Kern  River 

First  point  of  measurement . . 

99.22 

September  5  . . 
September  19. . 

Deer  Creek 

0  00 

Santa  Clara  River . . 

East    channel,   point   where 

3.38 

rrjarl     crfjsses    below    San 

Francisquito  Creek. 

Do 

do 

West    channel,    below    San 

Francisquito  Creek. 
Newhall  ditch 

1.65 

Di» 

do             

3.37 

Total 

8.40 

1 

Ltl4  OPERATIONS    AT    RrVKR   STATIONS,   iSm, PAKT    W         IsoM 


D«te. 


Ik> 


Do,,, 


Augoptl^, 

Aogtuptld. 

Da,,, 


Augupt^t, 


Do, 


Do. 


^>ftiii*  Ckra  itivx^r.  _ 


.do 
.do 

,do 


Pim  Creek 

8eipeCfB«k __, 

8«iit&  Paula  Rlv^., 

PR€oitiu  wash  , . . , , 


diiiiu 


LucalUx. 


CumiUoii  mnch  6itch,  2  mUee 
ea«t  of  Oomukj!*  nuieb. 

2  itiile^  east  *A  VmnaiiM  latirJi 
houscv 


ToUJ 


F^ftrmpn*  ditch 

GTi-iiSi.'  fiitJ-h 

Near  iSaota  Paula  ^ 


Total 


Head  of  ditch  of  Pini  Vrmt 
Company, 

In  wafletl  t^anal^  Bespe  I^nd 
and  Water  Conipany  ditch. 

In  flume  WO  feet  w*^  tif 
Nnpu  echooIhoa^j3  mllefl 
e1k»V(^  Santa  Paula. 

Dry  at  mouth  of  canyon. 
Bmali  Bpriii|Bjf  rorn  M>uth  side 
of  tiiouiitain  at>ove  waeb« 
ft<*wi  n (f  0, 01 ,  eeti ma tt^J . 
PacoimiliiibmtstK^l  |  Paiiii>injj  water  which  bad  a«> 
cumulated  during  night. 
Man  in  i?hargeof  jJumpaiiyH 
t  hey  pump  IrDm  5  to  8  min- 
ora* iuchiis  |>er  day. 


Little  Tujnnfm  Hi  V 

IT. 

IVi  . ,.    Tnjun^i  Hivt'r.», 


VisJa  -litih. 
\^i  ___-..  J ... .  -di  > , .    Sainr  itlm  v.  stuteiiieu  t  ^f  <1  itrti 

Hau  Gabriel  Hiwr,  J  Caiutl^  statement  IL  ¥.  Pjirk- 
•       iii.s.tu. 


AU^'UHtl'S 


Au^'u^Et  ^A 


San  Anlonin  Crt'ok,    nivi-^i'm  \rojr,  mio-lialf  tn  Fu- 
ini>nH,  Hni>balf  Ui  Ontario, 
\^t ]..... iii> ,.    To  Uuiariy , 


Iht 


1>(1  . 
Do. 


CueauKinpi  (Vcrk. 


LvtleCrf^k. 

.:..(io 


Auguj^t20. 
Do  . . . 

Do  . . . 


August  25. .. 


Tiital 


Rt^l  Hill  development:  ^vaU-r 
t'tU'H  tu  Otitario. 

Wi'ir,  hiynl  of  Rialtt>  i-Hrud  ... 
Weir,     lu'a<l     of     Grajxjlaud 
canal. 

Total 


.do McTntyre  dit^-h,  at  hoiul 

-do I  Whitings  ditch 

-do Kanchero     ditch,    weir   near 

head. 


Wann  Crct^k. 


Haws  cV:  Tahnage  ditch,   lioad 
t:atc. 


DlicliuiTt 


17.63 


ie.s7 


moo 
&61 

ia*i 


40.75 


aoo 


12.^:^ 


0.01 

0.41 


lUK' 
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Date. 

Stream. 

Locality. 

DiiKbarge. 

AogaBt25 

Do 

Wann  Creek 

do 

Rabel  dit4*.h,  head  gate 

Shay  or  Stout  ditch,  weir  at 
head. 

McKenrie,    200    feet    l»elow 
head  gate. 

Meeks  &  Daley  <litch,  weir  at 
head. 

Upper  canal,  Riverside  Water 
Comuany,  weir  at  head. 

Beain  ditch,  flume  at  head  . . . 

Swamp  ditch,  weir,  first  turn- 
out. 

Total  of  Warm  Creek  . . . 

Whitlow  diU-h,  flume.  Stiles 

street 
Logsdon  A  Farrell  ditch,  flume 

at  head. 
Dalev  ditt:h,  flume  aitroHs  Citv 

Cr^^k. 
(iage  canal,  weir,  Santa  Ana 

River. 

Gage  canal,  weir,  Pftlm  avenue. 

Timber  ditch,  at  head 

Ward  A  Warren  ditch,  weir 

at  head. 
Mill  flume,  Rivendde  Water 

St€ondr/ed, 
0.94 
0.90 

2.00 

10.45 

52.04 

0.40 
0.69 

AagU8t22 

Ai]gtiBt25 

AagaBt31 

Aiigogt26 

August  30 

do 

do 

do 

.   ...do 

do 

67.42 

August  28 

Do 

Citv  Creek 

0.09 
0.54 
0.51 
O.fri 

do 

Do 

August  25 

do 

Santa  Ana  RivtT  . . . 

do 

Do 

24.11 
0.00 
L66 

2.50 

7.38 

1.02 

Do 

do 

AniruBtaO 

do 

Do 

do 

8eptpmber  1  . . 
Ai^ust27 

do 

do 

Company,  flume  at  mill. 
Lower  canal.  Riverside  Water 

Companv,  flume  at  head. 
Camp  Carlton  ditch,  weir  at 

head. 

Total 

36.57 

August  26 

Do 

Pumping  plants 

do 

East  Riverside  irrigation  din- 

trict,  pumps  not  running. 
Colton    Terrace  Water  Com- 

I)any. 
City  of  Colton   ditch,  upper 

pimim. 
City  of  Colton    ditch,  lr)wer 

pumptf. 
Upper  Bloomington,  weir  at 

head. 
Lower  Blcx>mington,  weir  at 

flume. 
Mill   pump,  Rivernide  Water 

Comi)anv,  weir  at  pump. 
Pomeroy  A  Marble,  not  run- 
ning. 
Johnson  6l  HublMrd,  not  nm- 

ning. 
Base  One  and  Waterman  a\*e- 

nue,  estimated  by  owner. 
Developed  and  return  water 

above  Colton. 
In  cement  ditch  below  heail- 

works  in  canyon. 

0.00 
1.30 
1.52 
2.37 
1.18 
3,05 
1.67 

aoo 

0.00 

1.20 

117.8:^ 

0.48 

Do 

do 

Do 

.....do  

Do 

do 

Do 

do 

AtigostHl 

AngUHt  !*»* 

D«) 

do 

do 

do 

Do 

dc» 

August  25 

Do 

Santa  .\na  River  . . . 
Plunge  Creek 

430  OFERATICiNa    AT    RIVER   &TATI0N8,   iSftft.— PART   V.         P».m 


lMt«. 

i.«« 

L^mmr, 

IHiehur: 

Anputss 

^ 

D« 

City  Creek 

In  cement  ditch  ne^r  hmd^ 

works  in  cftnyon. 
K.  C.  Inye^tment  Cck,  de^- 

oped. 
Qtamt .  ,-          --...- 

0J7 
0,Ai 

East  Twin  C^wk„, 

Do 

AogailH 

Do 

Wc«t  Twin  Creek  __ 
MOl  Creek-., 

In  V  flume,  «t  intake 

OldMija „,,,,„...., 

Cimftoti     heft<iwark^.       Tbia 
water  ifl  piimp«d  from  wells 
in  bed  of  creek  above  Elec^> 
ttic  Co,  power  hoqiie. 

Total *>. 

aso 

n.:3 

-—-do  „,.-,„„. 

hlfi 

Do 

Do 

Sijitu  Aha  River -. , 
do 

7.  l?4    ' 

End  of  Green  Spot  mpe  line.. 

South  Pork  ditcb,  TfedUmda 
can&l,  lees  amount  from  tun- 
nel   and   Morton  CanyoUi 

4.60  iecond*feeL 
Morton  Canyon .,...»_ ._^* 

5.71 

Do.. 

,„„do ,„., 

Do 

.«-«.. do  -. ,,.,, 

Red  lands  tunnel  water , . , 

Head  of  Green  Snot  pipe  line- 
North  Fork  ditch,  Ui|jhlftnd« 

canal,  Cippoktti  weir, 
Santa  Ana  canal  *....*... * 

IJO   ' 

Do:::;;;; 

..*..do  •«>>-. 

O.O0    ' 

Di>._„_ 

do ,„ 

i.2^  ' 

Do„„„. 

do 

aoo 

Do 

Aiigti8t30..,„ 
rki 

Do....... 

Du ,. 

On  _, 

do ...-- 

__..do_ 

Below  overflow  from   Santa 

Ana  eanaL 
Near  Colton, „ ..,_ 

10.8* 
0.00 

__.do 

Submer>^    overflow,     near 

Col  ton. 
West  Ri  vert*jde  ditch ......... 

Riversidf   Water   Vo.,   lluiue 

(leiir  Kiven^ide  Mesiituniit!!. 
A  t  It  al  lajjf  r  Fo  rd ,  j  i  lhi  i  1  jc  1  o  w 

Rill  *id  mix  Maun  tain. 
Chiucne  ditch , - . 

+.8S 

iLm 

^.m 

-li. , 

iUr _.. 

r^7.  m 

Ihi 

ihi  , 

dn.__ _. 

,.,..do 

4.+> 

Dm 

IM __ 

[hi 

A(iguBt;ii 

Au^'^lHtl*a j 

l>o 

At  point  r-kX)  ftft  alxivt^  An- 
hurndiile    Imdge,    :l    ndles^ 
north  i)f  Corona. 

South  Side  ditch .... 

lU, ,,„. 

North  Side  ditciK ._ 

To  till  at  Aiiburndah^ . 

I  mile  below  Rincon 

au 

hX  14 

(t.WMI 

Hfiillv  ditch,  or  BodiLm?^,  es- 
tiniated. 

Total  at  gaging  t<tation  ^  . 

McflHurod  1  yy  V.  lUiUv 

BantJi  Anaiij>d  Anaheim  liivi- 

pion  Im.)3£. 
Banning    Colonv%    f*UitemLTtr 
of  C-  D.  IlatiuUoii. 

At  main  nwid  en  »SBiii^' , , 

Two  Cipindftti  wein^  al  Ik'ar 
ValU*y  Irrigatiou  t  ix  head- 
works.                                       1 

^^JH)    , 

Chino  Crwk  _ 

^^iilu  Aim  River  . .  - 

Water  t'niiyyii 

Cabazon  ditch  . 

Whitewater  Uiver. . 

1 

i^^M 

I 

i 


OAUFOBNIA. 
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PRECIPITATION  ON  MOITNTAIXS  IN  80UTHEBN  CAIil- 

FOKNTA. 

In  order  to  obtain  precipitation  data  bearing  upon  river  discharge,  a 
number  of  rain  gages  have  been  placed  by  Mr.  J.  B.  Lippincott  at 
various  important  points.  The  results  obtained  at  these  localities  dur- 
ing 1899,  together  with  a  few  figures  from  other  sources,  are  shown 
in  the  following  tables.  The  first  gives  the  location  of  the  rainfall 
station  and  the  name  of  the  observer,  and  the  second  the  depth  of 
minfall,  in  inches,  for  each  month  of  the  year.  Similar  figures  for  1896 
are  given  on  page  418  of  the  Eighteenth  Annual  Report,  Part  IV,  for 

1897  on  page  539  of  the  Nineteenth  Annual  Report,  Part  IV,  and  for 

1898  on  page  660  of  the  Twentieth  Annual  Report,  Part  IV. 

Location  of  rainfall  dations  in  aouthem  California, 


StAtion. 


Observer. 


County. 


Pust-office. 


Lati-   .  Lon^- 
tude.  j  tude. 


Eleva- 
tion. 


Bcdblnff. 


Second  GftiTotte 
CroekMi 


MUo 

Tiylof's  lancli.. 

KeniTiUe 

Mount  Brecken- 
Mgt. 

1>Joaimnota 

FortT^Jon. 


Vaner.. 
ranch. 


Southern     Pacifle  ,  Siskiyou Sinun 

R.R.  , 

United    States    Tehama.. 

Weather  Bureau. 

Dr.JohnShaw Tuolumne 

J.  P.  Chamberlain do 

H.R.  Crocker , do 

Maripom. 

R-T-BalteT Tulare.... 

Geo.&Oarlton Kern 

Bteren  Barton do....  _ 

OeotgeOweni do Bakersfleld. 


°     '    I     o     '        FKt. 
41  27  ,  122  25  I  3.665 


Redblufl. 


Sonora 

Gioreland. 
Sequoia  ... 
Yoaemite.. 

MUo 

Wekkm.... 


40  12     122  20 


SbOO 
37  49 
37  48 
87  45 
36  15 


190  16 
120  12 
110  68 
119  35 
118  60 


36  20  I  118  17 
35  45  ,  118  25 
85  25  ;  118  35 


I 


Olenn  ranci 

Ftaslermine 

UUebre 

Smith's  ranch  ... 

Sneddens 

MutahFlat 

Palmdale  head- 
works. 

Miuric  Hill 

HoMSomb  Creek.. 


Upper  Holcomb... 
Mount  Sister  Elsie' 
Deep  Creek I 


R.M.PoKKn do 

J.Q.Stitt do 

Philip  TIekert do 

Jas.  It.  Applewhite  I  San  Bernardino 

N.Bennett '  Ventura 

J.W.Foibei Los  Angles.... 

William  Smith....  Ventura 

BurtSnedden do 

do : do 

BurtCoIe LosAngeles 


....do 

San  Bernardino 


Mount  Lowe. 


UtUe  Bear  Valley  I 

Fbllows's  camp . . 
Colby's  camp — I 
MoTK's  house....' 


Squirrel  Inn . 
Mill  Creek... 


Do 

Cnyamaca  . 


L' 


I   Descanao 

Sweetwater  dam. 
MiUwood 


B. L. Hutchinfs  ... 

Arrowhead  Reser- 
voir Co. 

....do 

L.T.Rowle7 

Arrowhead  Reser- 
voir Co. 

I>rof.  Lewis  Swift.. 

Arrowhead  Reser- 
voir Co. 

B.W.  Follows 

D.W.Colbv 

Arrow  head  Reser- 
voir Co. 

....do 

Redlands  E.  L.  and 
P.  Co. 

do 

San  Diego  Flume 
Co. 

E. W.Hubbard  .... 

G.N.Savaffe 

Sanger  Lumber  Co. 


....do 

Los  Angeles 

San  Bernardino 

Los  Angeles 

San  Bernardino 

Los  Angeles 

do 

San  Bernardino 


-do. 
.do. 


....do 

San  Dlegvj . 


do. 

■^.  .do . 
Fresno. 


....do 

Lebec 

Tehachapl. 

Cajon 

Neenach  .. 
Neenach  .. 
Gorman ... 

Griffin 

....do 

Palmdale. . 


35  00  . 
34  53  i 


118  45 
118  53 


324 
1.824 


Burbank 

San  Bernardino 


do 

Monte  VisU  . . . . 
San  Bernardino 


Echo  Mountain. 
San  Bernardino 


Azusa 

Pasadena 

San  Bernardino 


....do.... 
Redlands. 


34  50 
34  49 
34  46  ' 
34  44  ; 
34  41  ' 
31  38 
31  25 

»4  23 
34  18 


117  30 

118  58 
118  40 

118  47 

119  08 
119  03 
118  03 

118  22 
116  58 


34  18  j  116  50 
34  17  I  118  14 
5M  17  117  06 

U  15  ,  118  07 
34  15  I  117  10 

34  14  :  117  49 


34  12     117  12 
M  12  .  117  12 


do 

San  Diego  . . . 

Descanso 

NaUonalCity... 
Sanger 


:«  .^K    115  85 


:{2  Si)    iiti  40 
31  43     117  00 


4.468 

4.061 
3,300 

2,6« 
2.600 
6.780 

1.460 
3.245 
4,000 
3.112 
3.000 
3.170 

'4.966' 
4.850 
3.299 

2,820 
5.220 

7.200 
5.021 
5.200 

3.200 
5,150 

1.800 
3,875 
5,360 

5.300 
5,000 

2,915 
4.800 

3,500 
250 


1 
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mmilim. 

2.flB 

N.OQ 
HOP 

lASi 

Apr. 

Mux- 

Jiai«v 

aoo 

0,00 
0.IR» 
0.M 
0.00 

Aug. 

Ov« 

OiOO 

O.Q0 

Sep*. 
o.a» 

OsOO 
OLOO 

0.O0 

4.01 

6-90 
*.J0 

K<»r, 

«.oo 
11. » 

t&S4 

goBom^. 

YoMmitea 

0,21 
0.72 

o.a> 
t.ia 

1.32 

1.00 
01  u 

2.  IT 

aoD 

T.Offl 

7.4:^ 

MUo 

^.,_jL 

a7S 
ass 

aos 
a7» 

1 

1-67 

].ao 

XIF7 

Li» 

QL® 

0.<fi 

0.0D 

0.00 

0.00 

ais 

4.09 

aw 

O.O0 
0.7* 

0,00 
0.00 

OlOO 

aoo 

ao6 

1. 10 

1,71 
X2t 

0.C0 
0127 

0,00 

aoo 
aoo 

0.00 

o,o§ 

aoo 

::::::;:::": 

* 

MatahUM..... 
worku 

Upper  Hoi- 

L7W 
S.I 

2.26 

too 

0.04 
O.OO 

0.00 
a.  31 

2.26 
1.45 

2,  GO 
2.«7 

OlOO 

o,o» 

O.00 
0>U 

0tO4 

0.0U 
QvOO 

aw 

QtOO 
1S6 

aoo 

0.00 
0,00 
0.O0 
0.00 

0.0Q 

DlOO 
0.00 

aoo 

O.0O 
0.00 

O.0O 

0.O6 

aoo 
aoo 
aoo 
aoo 

a  07 

t.*7 
0.i& 
1.50 
2.00 

1.2« 

1.^ 

aw 

0.G5 
0.47 
L30| 

0.J7 

o.ie 
o.» 

0.27 
2.S 

at2 

1.10 

km 

Mount    StMe^ 
l>c*p  CrvclE 

a.95 

aia 

i.»r 

aM 

O.QB 

a» 

0.00 

ai0 

aafr 

2.10 

LH 

a4i 

a« 

S.'i& 

aoo 

i'io'^'&Jao' 

L»To.'« 

0.00 

OlOO 

aoo 

a.  00 

a« 

i.» 

vkm 

Iw 

1 

Squirrel  luji... 

ft.5» 

0,26 

2.71  i  0.17 

0.00  i  d.»i 

0.00  1  0L7V 

0.00 

aoo 

aoo 

0.00 

ais 
aoo 

1.0S 

l.M 

a44 

i.ae 

Mill  Crwk  ..., 

Mill  CrtMik 

..•••. 

d    «** 

Cii  janmca. 

Hett.'apao 

rtiiiu 

a.  49 

L6» 

7.  IS 
2.73 

o.yj 

o,w 

0.2& 

'i,"4ft' 

0.  tl 

aoi 
o,ia 

0,00 

0,00 

aoo 

0.00 

O.JI 

^4& 

am 

2.49 
1.01 

G.T7 

10.23 

ITS 

1  •  ■  r  '  ■  r  '  \  ■    "^              ,       i     ■  j  ■  -■  ■■ 1      i 

— .^-1-^ 

(I  Nt)  rcconl. 

MISCELLANEOUS   DISCHARGE   MEASLrREMEXTS   IX 
XEBRASIiLA. 

The  following  liiiscellaneous  inea.surements  of  disc'har^»'e  were  made 
in  Ne-bniska  durintr  the  year  181i9  : 


}fiMrJh 


attfotLs  //<, 


•nsurcmrnts  of  diycluirgr  in  Xthra.sbi  l/i  1S99. 


Wliert"  moisured. 


Ash  Creek 

Buker  ('reek 

Beaver  Creek 

Birdwcxxl  Creek. 

Blue  Creek 

Boiirdman  Creek 

BoK'K'v  Creek 

Bonr  Crrek 

ChIhiuus  River  . . 

Do 

CcMlar  Oeek j 


Date 


/ 


AtiTunith May   15 

North  line  see.  19,T.31  N..R.13  W..  June  19 

A  t  II  vers.  s<.e.  A).  T.  34  N . .  K.  IG  W . . .  May   '12 

1  mile  above  mouth May  2o 

South  line  see.  18,  T.  17  N.,  R.  12  W. .  Mav   22 

At  Bucklev'^,  see.  13,  T.  30  N.,  R.  31  June    3 

W. 

West  line  see.  31 ,  T.  33  N. .  R.  r>l  W . . .  Mav   24 

At  Stringer's,  see.  IG.T.  31  X..R.21   I  June  17 

W.  I 

Burwell j  Mav    17 

See.  M.  T.  2  J  N..  R.  19  W Sent.  20 

Ahovi' Bruee'smill,see.:W.'r.2l  N.,  Julv      9 

R.25W\ 


Dis- 

eharg 

e. 

S<c../, 

rf. 

0. 

7(i 

:i.5 

iS. 

97 

l.s:]. 

17 

SK). 

12 

10. 

4 

0.5 

12. 

J6 

152. 

41 

Hviirugnii'h-r 


C.  B.  ChHruirl 

Do. 

Do, 
H.H.Piikt!!^ 

Do. 
C.  B.  (■h;^nIl''■ 
A.B.  MrC.^k.y. 
(\  B.(niaun^l 

(,;ienn  K.Srniili. 
C.  B.Chaiinf!. 
Do. 


NEBRASKA.  439 
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Stream. 


Oedar  irrigation 

ditch. 
Cedar  River 

Do 

Cbadnm  Creek . 

Do 


Where  measured. 


Ericjion. 


Do 

Clear  Creelc . 


Do 

Co  t ton  Wn«Kl 

CreelE. 

Crooked  Creek  . . 

Calbertson  canal 

Dead  Horse  Creek 

Do 

Dismal  River 

Dry  Cedar  Creek . 
East  Ash  Creek.. 

Do 


Ericson,  nhovc  dam 

Kricsor.     ■  l.-w  ^hnu 

North  1        -  .    ;^l. T. SA  N..  R.  49  W  . . 
i--     ■        ni  rvvnrkH  i^mi,  Nec.18, T. 

Bf Inw  wati.'f wivrkt^  iliiiii 

"tW  vfl,rd*i  below  BiirbtT  *  Marsh 

hi (1(1  K"t^^  w^r.S-J.T.  I(;N..  R.  41  \V. 
At  S^'hlfidumaD'tt,  sn..  b,  T.  14  N., R. 

31  W. 
Soc.21,T.36N.,R.22\V 


East  Middle 

Creek. 
Elkhom  River  . . 
Frenchman 
BiTer. 

Do 

Do 

Do 

Do 


At  Mntz. »eo.  19, T.  34  N.,  R.  19  W. . . . 

Below  head  Rate 

North  line  nee.  31. T. :«  N.,  R.  49  W. . 
At  ylattery'H  ditch,  sec.  :f-».  T.  %\  N.. 

R.49W. 

IlTimiinjf 

Ai  mouth,  n*»ar  Kricwtn 

11 -na  i'i  T'unllirH  <liirh.Hcc.3U.T. 

3i  N     Ft.  rill  VV 
Hf.-H(1  Mf  Sh+'lloii  ditch,  sc<',  :«,  T. 

32N.,R..tO\V. 
Si-c.3i:.T.33N.,R.'2:nv 


O'Neill 

At  Palisade,  below  canal. 


Do 

Do 

Do 

Goose  Creek. 
Holt  Creek.. 


EdEie  Creek 

Botaekiead  Creek 
lodluu  Creek... 
Ker«  F^ha  River 
Ltta*  ColtOD- 
wfpod  Creek. 
Do. 

oleCrwk. 


Lo^gepoli 


Do, 
Do. 
Do. 


Do 

Lung  I*ine  Creek. 

Middle  Loup 
River. 

Do 

Do 

Mill  race 

Mini c had uza 
River. 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Df» 

Hat  Creek 


iS  f'fii  J I  n*'  mif^.b,  1   >  N.,  R.  38  W 

Mjimnvi  lleX  «?<^  12,  T.  fi  N\,  R.  41 W. 
iWlow  brsd  gRie  of  InmairH  ditch . 
At  head  ipite  of  Wtr«)g  dltcii^sec. 

U,TSi  S..R,tOW. 

Atl*allfinde.. 

AlCulbtrtwm 

At  WanneiB 

S«'  lOT.it'N  ,R,*7W 

Head    of    ^V  ^-t-    A    Camahan 

ditch,  (kr  N.,R.20W. 

Kehra-ifea  \\  ^     .      .  line 

Sec.  Ifi,  T.  ;*i:t  N , ,  K  _  1  W 

North  line  sec,  33,  T.32  N..  R. 50  W. . 

Aic.  2  L  T.  3r>  N .,  K/^iJ  W 

WestlineT.31  N.,R.51  W 


Below  month  of  Spring  Creek , 

3  m\\^  ejiBt  of  Sidney 

4  mll»  wcfft  of  KiJ:nba] I , 

1  mJlc  westof  KimtHill 

i  mllc*?«nlof  KimtiAl 

\  mileaboVL'^  ht-ad  G,  Kinney  ditch. 

■^r.a;*,  T  15  N.  R.  ft6W. 

A**«tvc  Yoiing'fl  head  Ratt* 

B«kfvv  .HUkr'tf  wllU,  sec.  5,  T.  31  N., 

R.  20  W. 
Arcadia 


Date. 


May  17 


...do... 
...do... 
...do... 
...do... 


Dis- 
charge. 


....do... 
May  19 

Dec.   1() 

June  VI 

June  13 
.May  29 
Mttv   17 

Apr.  21 
iMay  17 
May   ir. 

AuK.  IS 

June  10 

July  8 
May  29 

June  3 
July  8 
July  9 
July  10 


Sec.-fret. 
19.6 

107.4 

113. 
8.71 
2. 24 

2. 15 

7.M 


1.2 


Dunning  .. 
Si^neca  .... 
At  EricHrm. 
Valentine  . 


Newman  Cn'ek . 


Kiobram  River.. 
Do... , 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


Above  Coffee'.s  ditch,  sec.  '26,  T.  33 

N..  R.  .V>  W. 
Head  Newman  ditch,  shx*.  17.  T.  33 

N.,  R.  24  W. 
Bourette.  nei\  32.  T.  30  N..  R.  66  W.. 
Mouth  of  WhiaUe  Creek |  May  21) 


Sept.  16  ' 
....do. ..I 

Sept.  19 
Apr.  27 
June  12 

June  10 
June  9 
Aug.  18 
June  13 
May  15 

May  16 
May  15 

Aug.  11 
Aug.  10 

....do... 
June  15 

Apr.   1« 

Apr.  21 

May  2 

May  17  I 

Jan.  27 

Feb.  21 
Mar.  15 
Apr.  26 
May  11 
.May  20 
Juno  26 
Aug.  13 
Sept.  13 
Sept.  26 
May  24 


June    9 
May  27 


Hydrographer. 


(}lenn  E.  Smith. 

Do. 
Do. 
C.B.  Channel. 
Do. 

Do. 
H.  H.  Pickens. 

C.B.Channel. 

H.  H.  Pickens. 


1.23  C.B.Channel. 

43.94  H.H.  IMckens. 

3.46  C.B.  Channel. 
3.98  !  Do. 

334.48  Do. 

5.       j  Glenn  K.Smith, 


3.35 


145. 77 
53.39 

29.64 
19.83 
16.62 
20.96 

50.61 
29.92 
62.91 
30.27 
3.58 

11.1 
1.15 

.5 
38.99 

.29 


15. 57 
90.07 

b09.6<5 

408.23 

225. 34 

6.5 

•26.2 

45. 
26.7 
32.6 
35. 
6-1.7 
•£i. 
19. 
23.5 
26.5 
3.0 


13.65 


C.B.Channel. 

A.  B.  McCoekey. 

C.  B.  Channel. 

Do. 
H.  H.  Hckens. 

Do. 
E.  D.  Johnson. 
Do. 
Do. 

A.  B.  McCoskey. 

Do. 

Do. 
C.  B.  Channel. 

Do. 

A.  B.  McCofikey. 
C.B.Channel. 
A.B.McConkey. 
C.  B.  Channel. 
Do. 


.35 

Do. 

0.95 

H.  H.  Pickens. 

7.43 

E.  I).  Johnson. 

2.41 

Do. 

2.04 

Do. 

6.52 

Do. 

Do. 
C.  B.Channel. 

A.  B.  McCVwkcy. 

IX). 
C.  B.Channel, 
(tlenn  E.  Smith. 

Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
A.  B.  McCoskey. 

C.  B.  Channel. 

Do. 
Do. 
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I 


Bo „„. 

Flam  Creek..... 

Bftff. 

So 


So*  I 


So.. 


llHitdf  Onck 

ibobe  finneh  . , 
South  IM^iti,' 
Rlvtr. 

Do 

Do.. 

Do 

Do 

Do 

KowbolJyrrfi-lt. 
Sprlnff  Crt-eL  ... 

Ihi 


Wfaen  mtmrnfiGTl. 


Date. 


.'^l''. 


Muiluid 

eaf^miMlw«Kti.T,2«N..R,.v;w.;  au«.  le 
■    '  "  Feb*  30 


Apr.  S7 

AiW.  17 

Sept.^ 
Umf     I 

»iff»L3S 


DW 


Llew«l]eD  brid^.. ..,..j  M^f 

Oertng.. .*.,,„**,.„.,,„...„.,..  J  June  It 

8  mlloe  north  wot  xil  Lincoln J  M«]r  10 

Betow  Ekihfi*a,  3  mil^  northwest  of    J  aly     3 
Lin jxil  n ,  i.ll«ir  bw  V  X  mini,  I 

aepL    d 

Juo«  10 
MftT  ^ 

Sept.    6 


Ceotml  f  nty  (ertimiitt^a )..... 

SeC.a6.T.83N..R.  23  W 

Above  moutb  of  FreaebtUAn  Rlrer. 

OrlSAiii.  below   moutb  of  Mmm 
Creek. 

Oxiord ,...„........,,...,.., 

Above  Frencbm&is  Rlrer. .......... 

Mc€ook 

Ec«d    of    IrrigmClon    uid   WAtef- 
^wer  cuuI^bwh  15,T,f  N.r  ft*  il 


r 


S«.3,T.31  N.,R.15W.......„. 

LAmbii,  Bw.  $S,  T.  38  H..  E.  U  W. . 
Nortb  rnatte 


lh> 


m. 


RtViT. 

Th.oin[»f«oTi  (;*ri-ek 
Trunk   Butte 

Do 

Turkey  Cret'lc    -. 

Wul-lxUUlPt  (.'TLTi'k 

Wtfit  AHhCrwk  . 

Wi^nt   MldilU'  ' 

Crt'vk,  ' 

White  River.. _. 

Do 

Do 

I>o 

Do 

Do 

Do 

Do 

White  ClHyCroek 

Do 

W(Kxlen    Spring 
Branch. 


...dij 

fJo .,,.,,-,, 

..,.do...... .,. 

dii 

SulhLTlnnd . . .  „ , 

North  IhU'  B«.M3.T.32  N..E,55  W*., 
\ivAii  Tnwnftend  d!u^hfi<ec.  35,T.34 

N.,R.  jy  W, 
H  vad  f.l  pp€  rm  au '  H  d  i  ti '  h ,  Met'.  .1.  T,  31 

N    R  IM-  W 

Dutirau,  iwc/2H.  T.  31  X. ,  R.  &l  W 

SletMua,  ate.  IH,  T,  31  N,,  R.  fil  W  . . . . 
Hend  uniuoeed  Daaiel  &  ^teE«tin 

dlU'h. 
H«id  Cnopvrdilch,Nt'i:vye,T,3L'  y., 

R.  ft2  W. 
AbtJVi'  Fulfsaflf!, ,,,, ^. .L..^.. 


..„do,., 
Sept-  19 

...do... 


Juae  17 
June  7& 

Apr.  IV 

Mav     fi 
M&y  '22 

Juue    6 
.Tune  19 
Mny   ,i3  j 
Aujf.     I  ' 
May  16 

JUUf  l.^i 

Mav   n 
ilo,..' 

....do..-: 


May   12 


S<M^.  1,T  2>'.,R.  1HW.._ ,.,...  ^-pt.    8 
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fiei^,3,T.rj^N,,R,50W, ,.l  Ati*.  m 


.^o(.;!«,T.4  K..R.21  W .,. 

Brv^-HitT  Pi  raiubfc  hql.  21,  T,  38  N., 
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At  Wrt>dwardfl,  ne^',  •2.\  T.  3'i  N„  R. 
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JUUll:     *2 


Whitney ..    May  IS 

Below  Crawford May   17 

" May  19 

...do 

...do.... 
May  22 
Mav  26 
Aug.  19 
Mav  11 
xMav  20 


Force'8  ranch 
'  Head  Crawford  ditch 

Below  Crawford 

do 

i  Andrews  siding 

Below  Crawford 

Sec.  13, T. 32  N..R.51  W 

Brooks,  sec.  2.  T. :«  N..  R.  45  W 

Bec.26,T.85  N.,R.29W , 


13,  «7 
10. 1& 
650. 

iig. 

12Z. 
411. 
81.  S 

Ml 
Ml.  92 

i5,fiOLe» 

ie,iiM.8 

27. « 
TO5.2fi 

30. 

81.07 
Dry. 


Mr^Sfn^tiptirt 


C.  a  C^nad 
Do. 

A.  n.  V<!Gacfcrr. 

Do. 
Glenn  I 

Do. 

DOL 

Do.     , 
C.B.Cb«nn 
Glenn  E-SraiUi. 
C.B.CbttQut^L 

Do. 
H.  H.  PkkniL 

A.B.llcOiHk«|. 

Do. 

DOL 

Glenn  E.  %adtk. 
Do, 
'  r.B  Cbtnnel. 
I  U  H.MekenL 


1^^^ 


/iS  '  Glenn  H, 


Dry. 
Dry. 

1Z27 
17.5 


KH. 

Dry. 
Drv. 
so/ 

!.37 

^.  IK 
..11 


StDll^ 


1,*5 


Do, 
A.  B.  HeGiMkef ; 

Do. 
£.  D.  iotuuoo. 


C.B.Ch*niie'l 

Do. 
Glenn  K  Smltlt 

1K>. 
Do. 
I»o, 
Do 

A  B.  McCVj^lt^y 
*.'.  B.  Channel. 


l>n. 


H    11    rn  kelii 

K.  1).  JfitLH*ii« 

r   B   I  IlliUUVI 

A  B.MiCiv'iliL'J 
K  D  JrvhlJiifEt 
A   B,  Mil'ii^'tt;!!' 


,  ly     r  B  L'hdnn^l 


June  13 


10.  ST 

18.  (to 
4.  U 
10.70  i 
KS.05  I 
45.89  ' 
4.  W 
16.21) 

5!  27 
2.14 


Dm 

A.  H   Mc-i^.vkc: 

Do. 

Do. 

Do. 
C.  B.  Chunnol 
A.B.M('(^.vkl 
C.  B.  Chaur.v! 

Do. 

Do. 
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RATIXG  TABIDS. 

e  following  pages  conlmin  the  imtiiig  tables  prepared  for  ^-arious 
*  stations  described  in  F^lerB  Nos.  35  to  ^«  inclosiye.     These 

the  relation  which  has  been  found  to  exist  during  the  year  1899 
een  the  height  of  water  on  the  gage  at  each  locality  and  the  dis- 
ige  in  cubic  feet  per  second.    These  tables  have  been  prepared 

the  measurements  made  during  1899  or  previous  year^  and  are 
in  computing  the  daily  flow,  the  results  of  which  are  to  be  given 
le  Twenty-first  Annual  Eteport^  Pkrt  IV.  Taking,  for  example^ 
rst  table.  No.  62.  Delaware  River  at  LambertviUe,  New  Jersey,  the 
ber  62  refers  to  the  page  upon  which  the  river  station  is  described, 
le  end  of  the  description  are  given  the  results  of  discharge  meas- 
lents  made  during  1899.  From  these  and  earlier  data  the  relation 
ige  height  to  discharge  has  been  deduced  and  is  given  in  the  fol- 
ag  tables.  On  page  63  is  given  the  daily  height  in  feet  On 
ytk  1  this  was  6.S4J.  In  the  foUowing  table  the  flow  equivalent  to 
height  is  shown  to  be  33, 710  second- feet.  In  the  same  manner  the 
corresponding  to  each  gage  height  in  the  table  has  been  obtained 
the  averages  computed,  for  use,  as  above  noted,  in  the  annual  report 
ing  to  the  year  1899. 
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Rating  tables  for  stations  in  New  Mexico,  Wyoming,  Utah,  and  Colorado. 
[Number  in  box  head  refers  to  page  in  Water-Supply  and  Irrigation  Paper  No.  37  or  No.  38.] 
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m 
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765 
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1,791 
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5,641 
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315 
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1,866 
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Rtalng  Uibie»fi^  aUOiom  in  Chtarad&t  Arisawij  AVpodii,  and  Idak&, 
IKuniber  tu  twi  head  fvletv  to  pmgt:  Iti  WiUef^Ehip^lT-  iu]d  t.rfigatlfin  T%pt!t  !Co.  SL] 
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,1  Rating  table  applicable  from  Jan.  1  to  June  29  is  tijo  siuno 
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Rating  tabtafor  doHons  in  Vlah  and  Idaho. 
[Number  in  box  he^d  refefs  to  page  In  Water-supply  and  Irrigation  Paper  No.  88.] 
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Rating  iablai  frtr  tiaiionM  in  Oregon,  Wtuhiftgton,  and  Onlifamia. 
[Number  in  box  bead  refer*  to  pM«  in  Water-Sapplf  and  Irrigation  Paper  So.  88  or  No.  39.] 
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a  Continued:  Gage  hviithl  -0.1.  diMrhargie  105:  gage  height  u.2.  diM-harKc  h):  gntfv  height  -0.3. 
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MS6  OFEBATIOKS   AT  BIVEB  STATIOKS,  1999, —PABT  V.        fmM 

I  S&RATA    IN    VARIOUS  FUBUCATIONS.  I 

In  preparing  for  publication  the  results  of  field  wort  for  1899  bm 

I  quent  refeFeace  Iiag  been  made  to  earlier  publications  and  a  nmubel 

}  of  errors  have  been  discovered*     Some  of  tliese  are  of  relarively  WtM 

importance,  but  they  are  not<?d  in  the  interest  of  aoeumcy-     The  foq 

lowing  li^t  gives  correct ioni*!  which  mn  be  tnade  in  variou;^  Annuil 

Beport^  and  in  Water-Supply  and  Irrigation  Papers. 

FI'«lfTS.9wpj%  and  Jrrigaiimi  Paper  Nc.  ti: 
Pag^  51,  tenth  Ime  from  boUam,  for  20  mile^  read  11  mllf^ 
Va^e  85,  in  table  of  d&ily  gH^  heights,  M&y  25,  for  7,7"2  read  ITS. 

Wflfrf-jsMipp^y  and  Irriqedum  Pap^  No.  l€:  , 

Fa^  im,  in  table  of  dail?  gage  beighl^  Deoember  23  and  34,  lor  2.11  wmA  S.«,   j 

WiOfrSitppi^  and  IrrigfJtwn  l^iper  No.  S3:  I 

Page  62^  third  line  from  top^  for  57  cubic  yards  read  %.*  cubie  yatda  I 

F^ig^  as,  elevenlii  line  from  top»  for  206,000  read  IttLOOQL  1 
Page  ti5,  nmetaealh  lln^  tvom  top,  for  SU,39^  wmd  Mi^&OB. 

WdierSttppl^  and  Trngalion  Pap^  No.  Jffj-  1 

Pkge  107,  third  line  from  top,  for  Danville  read  Oark^lle.  1 

£li^fii^rfiih  Annual  Rep^fH,  Pari  IT: 

Page  19«  nitith  litie  inym  tap»  for  OcmolowaT  Creek,  read  TknolivwmT  Cm^k. 

Bige  30^  In  list  of  diK^barge  meworeineiils,  Harcfa  2&,  lfB6^  onder  ar^  ol  weiica 
lor  10,5^  read  0,S57;  Jaly  10,  18S^,  rnider  area  of  section,  for  -t,e95  rew]  1,111;  tt 
Novemb^  10,  1895,  read  koveuiber  e,  lJ^9i5. 

F^ge  39,  fifth  line  from  top,  belore  Staonton  tnaert  Natural  Bridge. 

Pagf*  43,  in  ILi  i if  di.^haT)^*  nit^a.^nremt^iiti'.  dedtin  0.5S  It% »m  all  ^ag^  ht-kbt^  f-T 

Papt*  +5,  in   liFt  i^i  di^^-haiye   m«i;?iirement?.  under  pa^  heijrht:?.   it  'lOT  rv*' 
-0.07:  fur  .143  rva^t  1 ,37;  ft^r  H.i^:^  rt*i  iKV>7:  for  4.7<>  n*i  2-*^.  f*.T  i! n*  TV',i^i  0  W 
Pa^  ti5*  draiiia^  arv^    'f  Cai^wlA  River  ai  C&CAwb&,  N^>rth  ^.'^r  linft,  h*r  'iA'-^- 

Ra^  113,  I  Jit  ihrvf  linen,  the  desrripnon  of  the  l^?nch  nxArk^  r^ers  t--*  tLe  A^i^- 
5*in,  Wt^i  Virginia^  sitaiion^  an.l  nt»t  t**  ihe  Fayi*t;t.  Wi-it  Vinginia.  ?taiiMii. 
Pa^*  11^*.  Tweiity-fii!hih  Hnt*  fT%jui  tt'p,  forCoccn*  reafcii  O^Met*. 
l^at!*-  2!!U  in  rating  table  for  Kansas  River  for  1;^.  opptJeiTe  ^a^r^  h^ljihi  H.i^).  (r 

1*3U^'  ;;Ni  at  u^l^  if  f«^.  lraina£*r  area  i4  rVt^i^ifc  RiVt^r.  fi>r^i<*  rva*5  ^Tn 
lU^'  :i5l,  in  lii=r  I'f  diA-hanst  [Litai=^rva.it'i.L?^  tiTf.ier  c^jfff  bti^bt*  •■f^p^si*'  A^i^ 
T.  l!*^.  for  t4i  f^*i  1  <c:- 

1^*^*  Ms^  fhiii  All  a^ijvsi'  at  K<:i*m  <<  iiiaeraEi  one  ^^ace  ^->  the  U'Ct. 

!^4i??  :^lv^  tn^tWIe  ♦!  pa^.  Irisn*^?  *^^*  *"«f  BtTQkk-r  Creek,  i'>r  ii>!  fit^l  I*^ 
I'ii6?r  :^^%  bail  line  .*f  ttit,  f  ^r  Mid-llr  Lp>iip  River  r*^i  Lt<ip  Eivtr, 
!^*ce  M9,  in  f^>*in*jite.  !*ir  l^?^  re*.i  1*5*5- 
P!ic^  M4.  ik.  1>I.  ibe  Ff'^raary  fr%*i  :j^h-*i:i»l  tv*eh  te  13^3Xk 
[^1^  >1>.  in  XMh\»*  '^  ■'^'iiiiateii  i&>r^thl3-  di^harie'?  y^  San  J^i^^iiii  Eiv»*r_  the^i  B" 
m;ijii  i^'r  I^vbaWt    **♦    ?h<xi(^l  rwfcl  5o^  ai>i  ili^  Tninini  11:11  i  c  i±*jr  irar  tU'S^- 
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lAmmaiBifmi^FBBrilV: 
BigB  166,  the  ligiirai  oo  the  left  of  the  h  jdrograph  lor  8^^ 
ihoQld  be  moved  op  one  diiHUon.    loeert  5,000  oppoeite  the  firat  dividon. 
•'  Abo  HI,  the  flsorae  on  the  left  of  the  hydrogmph  for  TennesBee  Biver  ehoiild  all 
|»Biiltiplied  by  la 

^  Age  S86^  middle  of  page,  dninage  area  of  Boulder  Creek,  102  square  mitoe  ehoold 
1179  aqnare  mikflb 

» UO,  Bixteenth  line  from  bottom,  kxr  402  read  404. 

1 486,  footnote  refers  to  meaam^ments  in  table  on  ninth  and  second  lines  from 

I  only. 
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INDEX  TO  PAPERS  NOS.  35  TO  39. 

tie  Water-Supply  and  IrriiratioD  Papers  are  limited  by  law  to  lUO  pages  each.  It  was  therefore 
leoetnary  to  divide  the  report  on  the  operations  at  river  stations  for  1889  into  five  parts. 
^per  No.  3r>  contains  pages  1  to  100;  Paper  No.  .76,  pages  101  to  196;  Paper  No.  37«  pages  199  to 
IB;  Paper  No.  38,  pagea  290  to  396;  Paper  No.  39.  pages  307  to  471.] 


A.  Page. 

airvrille,  Ga. ,  measnrements  of  springs 

near 148 

laBi»,W.  M.,aidby 100 

ibama,  hydrocrraph  ic  work  in 152-157 

ibama  River,  Ala.,  measnrements  of.  153-155 
bany,  Ga..  hydrographic  work  at ... .  138-139 
lerson.  W.  Va.,  hydrographic   work 

at 163-164 

lardt,G.  F.,  qnoted 879 

icgbeny  River,  measurements  of —  157-160 

len.  Prank  L.,  aid  by 79 

Ian,  H.  W.,  acknowledgments  to 34 

qnoted 34 

ten,  Kenneth,  aid  by 161 

mwood.  Pa.,  hydrofrraphic  work  at ..  7S-79 
Bon,  Oft.,  hydrographic  work  at —  134-186 
itoii,S.C  hydrographic  work  at....  126-126 
Mricaa  Rlrer,  CaL,  meainrementa  of.  482 
MrloaB  Fork  Creek,  Utah,  measare- 

mentof 840 

droacoggin  River,  Me.,  measnrements 

of. - 27-28 

Imaa  River, Colo.,  measurements  of.  310-411 

nting  table  for 452 

■ctantStF.  H.,  work  of 99 

tietam  Creek,  Md.,  measnrementa  of.       86 

ratiiig  Uble  for 442 

plewhite.  James  M., aid  by 437 

boles,  Colo.,  hydrographic  work  at . .  307-309 
eadia,  Nebr..  stream  measurement  at.      439 

.  hydrographic  work  in 313-,125 

I  River,  hydrography  of 255-256 

measurements  of 257-262,263-266 

rating  tables  for: 

at  Canyon,  Colo 450 

at  Hutchinson,  Kans 450 

at  Nepesta,  Colo 450 

atPueblcColo 450 

at  Rockyford,  Colo 450 

at  Salida,  Colo 450 

Una,  Colo.,  hydrographic  work  at. . .  233-284 
Ungton,    Nebr.,   hydrographic    work 

at 244-245 

Bold,  Sydney,  acknowledgments  to  . . .       10 

wm-kof 371,373.374.375,378,380.381 

Towbead  Reservoir  Co. ,  CaL ,  aid  by . . .      437 

Toyo  Scco.  ( *al.,  measurements  of 410 

h  Creek.  Nebr.,  measurement  of 488 

hsTille,N.C.,hydrogrH>faioworkat.  166-166 


Atlantic   States,  cost  of    hydrographic 

work  in 14 

Augusta,  Me.,  hydrographic  work  at 28-33 

Austin,  Tox.,  hydrographic  work  at. . .  274-275 

Azusa,  CaL,  hydrographic  work  near..  410-413 

rainfall  near 438 


Babb,C.C.,  cited 368 

work  of 85,94,96,97,116, 

121.140,163,164.166,209,277,288.280, 
290.291,292,313,314,321,342,367,487 

Baker,  J.  8.,  acknowledgments  to 10 

work  of 293,888,834,837,888,880,840,841 

Baker  Creek,  Nebr.,  measurements  of . . .     488 
Bakersfleld,  Cal.,    hydrographic    work 

neap 406-407 

rainfall  near 488 

Baldwin.  B.G.,  aid  by 06 

Baldwinsville,  N.  Y.,  hydrographic  work 

at 2*-S4,183-184 

Ballgronnd,  Ga.,  stream    measurement 

near 144 

Bannon,  T.  M.,  work  of 349 

Barber,  C.E.,  aid  by 229 

Barkers  Ferry,  Ga.,  stream  measurement 

at 141 

Barnett,8.M.,aidby 146 

Barton,  Steven,  aid  ny 4Sff 

Bass,  W.T..  work  of 137 

Bates,  J.  M.,  aid  by 171 

Battlecreek,  Idaho,  hydrographic  work 

at 18-19.332-334 

Bazin,  M.  H.,  cited 21 

Bear  Creek,  Colo.,  measurements  of 227-228 

ratinirtable  for 448 

Bear  River,  Idaho-Utah,  measurements 

of 1^19,332-334.336-886 

rating  tables  for: 

at  Battlecreek,  Iilaho 458 

at  Collinston.  Utah 453 

Bear  VaUey,  CaL,  rainfall  at 436 

Beaver  Creek,  Nebr.,  measurement  of . . .      438 

Beck.Charles  W.,  aid  by ...       84 

Bennett,  N.,  aid  by 437 

Bennett.  8.  G.,  work  of 419,421 

Bennett,  Thomas  H. ,  acknowledgments  to     189 

Bett8,H.a,aid  by 67 

Beveridge,  James  Y.,  aid  by 891 

459 


460 


n^D^K. 


Kg  VtitVanwoaA  Cnak.  0t&h.  iii«««nra- 

m#ntJiof„ , 34a,m4 

Btghom  niv^r,  Wyo.n,  mcaPurpxaeatA  of . .  HI 
Bi^  t^ndy  Creek,  AU..  m«»xiremQiit«of .      isa 

m«*ataof —  .„,_,_ _..__  eSS-ZU 

raUdg  tabki  for _ _,.      4tB 

Bird  w  oo4  Creok,  Nebr. ,  inf?i&iurcmoti  t  of ,      489 

near 1S5 

Bltt«rroot  BlT«r^  M<nit-^  meoiaiiremaiita 

c*f.,.. ,, 397-3Dft 

ntinK  Ubio  for _ 4M 

Bt»ck,  Mra^^  S.  A  ,  Aid  br... H» 

BlAck  Fork  of  Qreen  BJTer,  Wyo.,  meaft- 

urumeotnof  „.„,„._,-,,„,.*,„  3SS7-3B8 

rfttinK  t&blfl  for 4fil 

BkbcJc  Hirer.  N.  Y.,  meMrar^uiefits  c^.. .  sa^SH, 

191-lW 
Blxskfoot  BlTflr,  Moot,^  xneaaarementH 

of. , ...-*....,..  aar«B3 

rating  tables  for.... ...,      lU 

Blnck    Wftrrior    Birer,    A1a.«  tMMtuw- 

manta  of. « * iS^lSt 

rating  table  for. .,. 44fi 

BUctrw^a  W.,  ftid  l^ 2m 

Blake,  Utah*  bydrocraphk  work  at,.,,  3B-2S3 
Bliss.  Idaho,  bydr o^rapliic  work  at. .....      3&& 

Blc]iia.B.P..a!dhy., ,„.„ „,       m 

BJ<«9er,  A.  F.,  aJd  by..... Wl 

Bin?  Creek « Nebtn,  tQCMsurotnent  of 438 

Blue  Rjyer,  Ari»*,  meftaureroeiit  of .  „„,.  as& 
B1u43  Birer,  Kana,,  meainireaiflntB  of...  2S^-SX& 

mtlo^  table  for — ,_,   .  _.  .„     449 

Blueridge,  G^a.,  hydrograpbic?  work  at,  JTl-lTS 
Bonnl  m  an  Creek*  Nabr. ,  moami  H^ine  n  t  of .      438 

liuKW  y  C  rft*k ,  N  vhr. ,  in  i  'i^  u  n^tn  e  n  t  af 4^6* 

Btjit^ft,  Idaho,  hs'^lrographic  ^vork  nt.  ..  iK^-nUST 
Jkjij^i-  Hivt'f,  Jdalm,  TnotLHuri'TnentH  of     iTjiKiSW 

rjitiii^  table  for... ._      453 

HijJhv    Vallf>y,    Tr^ahii,    strofun   inpasiiro- 

mentaiij  _  ;1S&-3EH> 

Btmt'  CrLMik„  N«br,,  mcH^BuroraeDt  of. . ....      43fi 

Etmnr  n  Mont.s  liyditigrapbif^  tt-cirk  at    3fj3-.163 

Bnrleh  A   R,  aid  l»y ,        m 

lifj\\hK-.T,V*th>..hydroffTRjih\c  work  at..  .  231 
Bii"lf3f?r  Ci-ci^k,  CdI^k.^  misflsupemi'iitu  of.-      331 

ratin>j  tflUp  for. . , 44Hi 

Bonrette.  K'ubr.,  strtMim  jnt'iLUurpmcat  at,  43ft 
Boxeldpr  Crrr-k,  rtab>  mensurotui^ut  of..  iWfJ 
Bozoman ,  M  ont . ,  h  yd  r  i  >g  rjii>h  i  c  work  at .  11*6-1^^7 
Brftcki'ttViliGH    Tux.t    imsariuremeotM    of 

sjirin^s  m^ar    . . ....^-.      tfT' 

Bmafw  Kivt^r*  Tux  ,  inisiuiureTapnUof..  27^273 

BrellaJian,  M.  W,,ald  by... IGI5 

Bru w*ttp r ,  Ni^ Vi  1-. , rt 1 1 i^a m  ineaftn rpmentat  410 
Brid^^^port,  N.   Y.,  bydrograjjbic    work 

at..... „„„„..,.    ..., ;i:j-^j84-l8ri 

Brld^*.'!-  Crenk,  Mnnt ,  itusa^mrt'iment  of        183 

BrittaUi.M.  L.,  aid  by __...      ICO 

Brwid  Rivpr  i  ofCaroUuafl)  nHMrtaromeQtfl 

of.........     ...._._ .__-...,  UJ3^136 

ratiup  tJibles  for: 

atGrtHfut-y,  H.  t' t#4 

nt  AUtfm,*^.  C  .,.,, ....._.      444 


Brodd  BiTer  (of  Oetsr^)  ine«iiremeiite   ' 

of.  - -.-„.,... — ._. lai-iae 

TiLtiDg  table  f  or ....... _._.._,,,     m 

Brookfi,  Nebr**  »tr«»m  zneaAiareiDetit  at . .     10 

Bpown* C.  N.» aid  by  , .....,...„  171,171 

Brown,  Duiiet  work  of .  „ ...._.      4g 

&^wni»e,  Nebr.,  stream  iii«««arein4?ati 

•t , ...., ,      uB 

Bnuwan  Eirer,  Idalui,  mgiASti  remeni^  at     M 

mtlng  table  for  ,, 40 

Bryaoo,  N.  a,  hydrograpible  work  al ..  Wm 
Bticbanaa.  Ta. ,  bydrograplUc  work  al ..,  «4» 
Bockley,  W»ah..hydronfraphic  w<irk  at.  Wk-M 
Baffialo,  N.  Y.,  hydrograpliic  work  at..  iSl-tS 
Biiflfalo,  Wyo.,  hydrofirraphic  work  at..  21MM 
Bnrbank,  CaL,  rainfaU  near  .......... , . „     IX 

BuTwell,   Hebr.,  vti'eata   meastit'ementA 

«t , ,...  m.m 

Batbea,  Arit,  bydrogr^apmc  work  at...  mm 


C. 


Cache  U  Poudre  River,  Colck, 

mentaof  ..„ ^ _,..._,..  S&^SB 

Dijoa.  CaL.ralnfailDear... .......     m 

Calama0Rlrer,Nobr,,m««^ti]^iDentof,  eiT^A 
Calavoras  River,  Cai,  tneasnuement  of.      IS 

Caldwell,  Hogb  W.,  aid  by fi 

Calhonn,   Qa.,  meafl^remetit   of  aprfng 

near ...,__„ ilA 

Calhoun  FaUfl^  S.  C,  hydrogTAphy  at ..  VS-m 

Callfomla,  cost  of  bydrographl*?  work  In.      15 

eTftporation  at  Sweetwater  dam...  *IM31 

bydrograpbic  work  In  ...  „  aSi-^OS.jtisri-m 

rainfall  in , 3eO.I31.4.T:-t»* 

Calowa  RiTpr,  Wash. ,  measarementa  of       3K 

mtiiiij  tablu  ffir ... ... |j| 

Camili^ii,  S.  C,  stroam  in+AiL-^nri.'mi'nE.sBt  12f 
Camp  Clarke,  Nebr.,  hydrojjn-aphic  work 

At ^ ^  :M(i  ts- 

Ciinada,  h  ydrogrftphitr  work  In ....    1E6  IW 

Canadian  Rivi^r*  Okljkn  measaremeBtsnf 

North  Fork  of ^^S^t 

Cantuij,  Qa..  hydro^raphir  work  at.  l*i JTi-lU 
Can  y on ,  Coin . ,  h  y dr ojfm  phi  e  w  f  >  r  k  at  iTi^  5* 
Cjipo  Foar  River,  X,  C.^  tnoaiaiirerapiip-* 

of  _..,...... ..-„... _  111  lih 

nitinir  table  for.--., ..^  - **^ 

CaHilon,  Canada,  fltrL>&m  measurement 

at . . ,     iw 

Carleton,  Q,  E,,  aid  by _..__.,...,.  I^i.^' 

Carltoni  Ga.,  hydroBraphiL-;  work  at  .      l^i]*^ 

Car irtsn  ter.  L.  G. ,  work  of „  .,*.,,     '^ 

Carr,  B.  A . ,  aid  by .... .__,^„_    ..      Si^ 

CarU^r,  Tboiniis S  .  Hid  by  .^ ..... Sl'^ 

Car  t*?rs.  ( i  a. ,  by  drtJifraph  ic  w  ork  at  . ,  1  <4-H^ 
Carters   Station,  Ga,,  atrpam  tm^asuFt.'^ 

mi^nt  near  . . . , .._....  IV- 

Car teraviUc,  Va , .  li  y  d  rti^rii  pi  h  b  ■  w  ^  >rk  nt  ^^ 
Cary,  Ga-.Btn?ajii  inoaijiirt'nK'Dt  ar  -...,,  ^^ 
Ca^h^  Ga.,  meai^tirfiHunts  of  mprjng  n(*r  )'■ 
CatawbEi.     X.     C,     bydro^r^^.hir     WT'trt 

at. -.„-.. .   i-M}ii  'S 

CatJiwba  River T  meaauremtiiniB  uC  ijifl^iXS.lS' 


I 
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Page. 

Catawhia  River,  rating;  tables  for: 

at  Catawba,  N.  C 443 

at  RcK'khiU,  S.  C 444 

Cayadiitta  Creok,  X.  V..  measuroments 

of 21-24,. 'i:^r>4 

Cedar  Cre«f k,  Xcbr. .  measurement  of 4i?» 

Cedar  River.  Xebr..  meaAurements  of  . . .      4;iO 
Cedar  River.  Waiih.,  measurementa  of.  ,3^2-;^? 
Cenifero.  Colo.,  hydroirrapbir  work  at.  2T!»-28<i 
Ceutrsil    City.    Xebi.    stream   measure- 
ment at 242,441) 

C*hadr<m  Cre^k.  Xt-br.,  measurements  of.      4;?.» 

ChaniU^rlain.  .T   P.,  aid  by 4.S7 

Channtfl.  C.  B.,  work  of 4^K4;e).444) 

Cbarl*  "t'^in,   Tenn..  liytlrot:ranLi(r    work 

at 17«^-i:i 

Cha>t.x-ii.  K.,  ai«l  by ..      2:i:i 

ChattRh«>«j«'be*^  River,  (ia..  mr'asnrexiionts 

of i:K»-14;i 

ratinir  tables  for: 

at  onkdale.  (ia 4(4.445 

at  Wrst  P.»iut,  (4a 445 

Chattainxjffu.  Tenn..  hydroj^raphi*:  work 

ft: 174  175 

Cbaui,'a  c;'rc-»»k,  S.  ( '.,  nn-aJAurenient  ft 12^ 

CLeat  Riv.T,  W.  Va.,  nieasureiuents  i>f  liio  l»il 
CheriiW.    S.    (\,    .stri?ani    ixH'a«*urem«'nts 

at 117-llS 

Cherry  Creek,  Mont.,  moaMurementHof  .  ajft 
Chestat^-e  River.  Ga. .  mea'^nrements  of. .  141 
Chino  Creek,  Cab.  measurL-ments  of  . .  427.  4:M 
Chittanungfj  Creek,  X.  Y.,  measurements 

of £i  24.1s4  !<> 

City  Creek,  Cal. ,  measuremen  ts  of 42J, 

424.4r).4.'V).4;i<'. 
Clalltim  Rivi.-r,  Wa<iL..  im-asurement  of..      :K> 

Clapp,  W.  B.,  work  nf 410 

Clarion  Ftivt-r.  Pa..  m«.ai*urements  »>f  r> 

Clark,  W.  B..  ucknowi«.><l foments  to lo 

Clarksvill''.  Va..   btr<*ani   meaaureinents 

at im 

Dear  ( .re^ik.  C«.lo..  mejiHurements  of. . .  2:>-229 

rating;  tabli- for 44m 

Clear  «.'n-ek,  N^ebr..  nH-asTiivini-ntrt  n{ 4:10 

Clear ''r-«"k.  Wyii..  iiioasur-'inents  i.f  ...      212 

r:«tintf  tab:«.*fnr 447 

Clirn'b  liivt-r,  Ti-nn.,  nio:.siir'.':n»"iit  of 17:i 

Clinton.  M;i-s..  byflp".,'r.Hi)hi'"  w(*rk  at  .'J»; 

raiiil'a'.l  at lii] 

C'lixit«.'n.  Tenn.,  ^t^eanl  n:eaMiri-nn?nt  at.      17:1 
Co>jl'''>ss»M-f.-,.ijt«.e    Riv.-r,    M<'..    nioa-ure- 

Uj'MJtH  of 2s  .'t; 

Coduiau.  Jnhu  K..  work  nf ♦4.74 

Co^ur  d'Al'.-n-'.  Malio,  liy«lr»i:raiihir  wrirk 

at  aiid  m.-ar :k;it-:J7o 

Con»y.  D.  W.,ai.l  by  4:^7 

CV>ldwater('re.-k.  ('al.,m»*a>.ur'Mni-iit.s  of.      42»i 

Col*-.  Burt,  aii  J-y 4;i7 

Colcnian.N.  Y..bydr'..;r;i]-hi'"  wi.rkat.  'Si  24,47 
Colima.  (in..  m»-.'is  ir-.-Uient-*    'if    .^iirinK^» 

near 147 

CoUinn,  T.  S.  work  of i;{7 

CoUinston,  I'tah.  hy<.irofc;rai)bii;  work  at.  Ix  U'. 

Colorado,  eo«>t  of  bydrotrrapbif  work  in  .        14 

iRR  3y 0 


Pace- 
Colorado,  hydrographic  work  in 22W£i7, 

25li-a-4. 277-2S0. 203-208. 30^-312 
Colonulo  River,  measurements  of. .  274,324-985 
Colton,  Cab,  stream  measurements  near.     433, 

436 
c:olumbns,  Xebr.,  bydrojrrapbic  work  at .      1ft, 

24(>-243 
Columbus.  Obio.  bydrographic  work  at .  l""*- 177 

Coma,  Mont. .  bydro^rapbic  work  at 3ii7-W8 

C'onasani^  River,  Ga.,  measurements  of.  147 
Conejos  River,  C«>lo..  measurements  of.  27j<-279 

Conne<.'ti«.-ut.  bydroprrapbic  work  in 42-44 

Conneeticut  River,  measurements  of 41-44 

C'MiMa  River,  measurements  of 14^-132 

rj4tinif  tablt>s  for: 

at  Riverside,  Ala 44o 

at  Rorni',  Ga 44o 

(''•osawattte  Rivt-r,   (la.,  nioasurements 

of 144-140 

rating  tab! I*  b.ir 445 

Corona,  (..'ab.  strf*am  measurement  near.  4i3»? 
(.'o^juninc  Rivor,  Cal..  measurements  of  .  433 
( v.ttonwiMMl  Creek.  Xebr.,  measurements 

of 13J) 

('oun'b»'s:ie,  T.  M.,  wirkof 2»4 

Crawfonl,  Xebr..  ^'treani  measurem*'ntj* 

nrar 440 

(.'ressy,  S.  W..  aid  by 2iSl 

Crocker,  H.  R.,aid  by 437 

Cr<.>nk,  E.  D..  aid  by 48 

CnH>ked  (..'reek.  X»*br.,  measurements  of.      439 

Croton  River, X.  Y..  bydrography  of fiS 

rainfall  m  watershed  of GS 

CucamouKa  ( 'reek.  Cal. .  measurement  of.  434 
CuUK»rt.son,  Xebr.,  stream  measurement 

at 439 

Cuinl^KfrUnd,  M<1..  stream  nieasiirement 

at 92 

Cnnnin);bam.R.X..aid  by 

Cupi>et,.T.  II..  aid  by 

( 'urraut  Creek,  Ctab.  measurement  of 


126 
ItX) 
292 

■  Ciiyamaca, Cab. rainfall  at 438 

i  r>. 

!    I)a«levill».'.    Ala.,    stream    ni»-asureinents 

near bVJ 

Ualla'<.Tex.,hyilroi;rai»hi«- work  at  ....  271  272 
Dannelir^g,  Xebr..  stream  measurement 

at 444) 

l>anvilli'.Pa..bydr<»;^rai»liic  work  at 77-78 

Iiariville.  Va..  str«\im  niea^^unfuients  at  ..      108 

Davi-J.A.IV.  w.irk  uf    .n5.s.'<.S'.M07,2««,248 

I>avls.T  S..ai<l  by   87 

I>ead  Hr>r>»?  ( "reek.  Xebr.,  measurements 

of 4:» 

l>«jin.Jamos  L.. work  of 25 

■  Deep  Creek. Cal.. rainfall  on 4;J8 

Deep  River.  X.  C..  measurements  of 113114 

ratinj^  table  for 44^J 

iKsT  Cn-ek.  Cal.,  mea.surement of 4iW 

Delaware  Riv»'r.  measurements  of »52-4Vl 

rating  table  for  U2 

I  Ivlaware  Water  Gap,  Pa.,  stream  meas- 
urements at t'lS 

.   Del  Xt^rte,  Colo.,  hydrographic  work  at  277-278 


Dol  Rlo,T©x.,h3rilrogritpliic  wcgrk  *t, 
Demopolis,  AU.*  ^treum  mc<Afiurvment6at     157 
Den  Ter*  Colo. ,  h  rdroffraphic  work  at. . ,  *2&  2^1 

D©rr.B.L..«idbr n 

De9cimftoXiiI.,rftlnfaIlftt -,..._ .,,      408 

Don4^biit*»  Bivern    t>r*g*.  ]Sjeft«iiir«BQfinte 

of ._.,,,  BH-O 

rating: tablo  for ,.,^,, ,...      IfiS 

Dewey,  E.  P.,  work  of  — , - 410 

Di8rgiji,MrH.J.,aJdbr  -- .,.--,.*,*.^       fi6 

D«lon.Tbottiwi,ftJd  by  -.........—.....„      314 

DUSt  N.  S,  ,  ackno  wledgmeD  ts  tn _ .       10 

wofkof gii0.^e,aia.3al,35fi.3ST.a6»,3«) 

Dlsiiial  !Eti ver,  Nebr. ,  messarements  of . . .  139 
Dintrict  oC  ColtimblatliTdi^(»tt^pbic  w<KPk 

lrt._., , .„.. , »4-BS 

Do1:)(»oii,^  Adna*  ackDowlodgmentfl  to^ —        10 

work  of ,...-. sao.sis 

Dolffevlllc,   IT,    T-t  lif drographlc  work 

At .„, , S3-Si,6S 

Dolores,  ColfLf  hydrognpliio  work  at,,  3f*5-3nfi 
Dolorcft  RItot^  Colo.^  mcasiireiDetitti  of  SC&-3(M 

rattTiff  table  for  *...„,„„, 451 

DonoTJiD,  Unvid,  aid  by. , ,.,       88 

Doa«aU,%^.  E.  work  of.*,. ,„,  ^.333,380 

Dty  Cedar  Creeks  Nebr.,  nactaa'areiDenta 

of ,.„ , im 

DtiLlJn,  Ga.,  Uydro^rapMi::  workat  ....  133-1^ 
Ducbe-^Tie   Blrer^    Utah,    m(MistitH?tQeiit» 

of-.,.. .. 3»l-2tt3 

Duncan*  Ne^r.^atream  meosurei'ment  at.  Aifi 
Dungetiesa,  Wash.*  bj^drogi^pbic  woric 

at 

of. — - __..__.„ 

vatins  tf^Mp  fnf , .... i't.'i 

Dunuiii;^,  Nebr.,  stream  moasuroment  at  4^{t> 
Durango,   C>)lo.,   liydroijrrapliic  work  at 

and  near MO-^Ul 

K. 

East  Ash  Creek,  Xel)r.,  measurements  of  4-'W 
East   Brady,  Pa.,  stream  measurements 

at 1.'>.S 

East  Canada  Creek,  X.  Y.,  measurements 

of '*^W2i.r,2 

East  Cliiekamauga  Creek,  Tenn.,  meas-  i 

urementof 174 

East  Middle  Creek,  Xebr.,  measurements 

of 4;{J) 

Easton,  Pa.,  stream  me:isurementH  at (>>  ' 

East  Twin    Creek,   Cal.,    measurements  j 

of 4^fc.',4:{»j   ' 

Eaton  Can  von  Creek,  Cal.,  measurement 

of    -- ^-^   1 

Elkhorn     River,    X'ebr.,    measurements 

of :?43-:,*4r),  4:s»  | 

measurements  of  North  Fork  of .. .  L'U,-tW 
rating  tables  for:  1 

at  Arlington.  Xebr , 440 

at  Norfolk,  Xebr 4n«   , 

Elkin,  D.  Il.,aidby 1:.'5 

Elko.  Xev.,  hydrotrraphie  work  at '.tiiy-:i'27 


Ellaworth,   Kana.,   bydroffrii^phlfl    work 

at SSl^fflZ 

El  Paao  Tej,,  bf^rogTaphlc  work  at  -,,.283^8^ 
Elwha  River.  Wash,  ^m^siarmjieiita  <if.  3iH-^ 

rating  Ublo  for.,,,.. ,„      4Si 

Eznbudo,  N.   Max..  bydrogrrapliic  work 

at.---..,...«... ....-:- ,,,.  ^m-m. 

Emory,  S.  M.,  a^kDowl^gmonts  to Ift 

Emletiton>  Fa.,  etf eam  meaeuroitiiviits  at.  Ihs 

Eno  River,  N.  C.  mcasnr«nieiit  of  . , ,  „._  Ill 
ErlC!Km«  Nebr.^  mea^uremetits  of  «pEing» 

near-..-....,....,-..- ,.,*.....,.  S4A 

atream  meoBDr^mantaat. ,,...,,  4V 

Erwju,  H.,  aid  by. -...--.._..  .............  m 

Eatep,  M.  L.,  aid  by.,,.,,....^. „  Ufr 

Etowab  Biver,  Qa^^meaaaremaitacif ....  it, 

rating  table  for. . . ......  ^, ..  „ ..........     ^ 

Enfaijla,  fad.  T^^hydroffraphie  work  at.  SQ&-270 
Ewing,  M.  C quoted „.,.,,., .., ei 

Fairmoufit,   Oa.,   ttieaanrementa    of 

firings  near  ......... .,.,,....„.,.     1I7 

Fall  Creek,  Colo. ,  me?i.ati  remaia  t  of , .     SW 

FaUcn^k,  Colo.,  hydrofrr^pliic  work  at  3nf^3fr7 
Parlflli,  W.  A. ,  ookno wledgma  a  ta  to  _ . . . ..       10 

work  of  ............__,,,. ..., ,_,,  Ittlf&S 

F»iyettP,  W.  Va.,  lifdrograpliic  work  at  IM-MI 
Fayetteville,  H.  C,  lijpdrosrmphic  work 

itt -,...,... 11(410 

Fello W!t^  A  ■  L,  T  J^ckoowlodgmentu  to  .... .       Iff 

work  of 2*4,  235,231.328,  iS20,SU.  331, Sti, 

saa.  ^d,  2&r,  :^.  ^m,  3Q0,aai.;«K; 

:n\  ;^^;,  :ai7.  :*xH.fyT!3.  :?i<Miil.3l5 
Fernan  Lake,  Wash.,  measurement  <>f  .iTH 

Fickert,  Philip,  aid  by ._ f,r 

Field,  John  E.,  work  of        L^^:.■r^ 

Fields  Mill  Ferry,  Ga.  stream   measr.re 

ment  at U'l 

Fillmore.  Cal.,  stream  measureinvnt  n-vir     4-i.' 
Fish  Creek.  X.  Y.,  measun-ments  of Si'^l 

]SsV  In- 

measurements  of  Ea.st  Branch  of       !>?  l^^ 
measurements  of  West  Rran<-h  of .     ]wU!-: 

Fish  Lake.  Wash.,  mea>urimen{  <.f .i"'' 

Fites  Ferry,  Ga.,  sti'oam  mea.surements 

at u: 

Fitz  Gerald.  Desmond,  work  i  -f 1'. -^ 

Flint  River,  Ga..  measureniints  of 1  >  i  i^' 

Florida  River,  Colo,  measurements  of  ,)il 

ratin;^'  table  for 4'^,' 

Flynn.  H   ii.,  aid  by    IT.'),  ITn.  I/.M^m.  M 

Follett,  W.  W..  work  of  :*nI 

Follows,  H.  W. ,  aid  by 4" 

F'olsom,  Cal..  stream  measurement  U'-ar       4iv; 
Folsom,  Ga.,  nuar^arements  ot  sj.riiif,'-^  at 

and  near .      b" 

Forlx^s,  J.  W.,  aid  by ^r 

Forks,  Wash.,  hydrotrraidiic  Work  at   ._        :i^> 


Ellijay,  Ga..  stream  measurement  near. 
Ellijay  River,  (ia..  measurement  of 


14.-> 
U5 


Forkscroek,  Colo., 
at   

Fort  (;ollins,  Colo., 
at 


hydrogra-jdiie    work 
hydr.vi'iiphie    Work 
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Fort  Crawford,  Colo.,  hydro^rrAphic  work 

At 2s»-2n: 

Fort  Duchesne,  Utah,  hydrographic  work 

at  and  near 200,291-ae 

Tort  Edward,  X.  Y.,  hydrographic  work 

ttt 23-24,riH 

Fort  (iibRon,  Ind.  T.,  hydrographic  work 

at  268 

Fort  Ilaritor,  X.  Y.,  hydrographic  work 

at in-24.r>4-.>5 

Fiirtier . Samncl. acknowIe<lgmeuta  to in 

work  of lW.197,lfle,2ifi.3f>:.-JW.211 

Fort  Niobrara.  Xebr.,  hydrographic  work 

at '. i:-ls.2i:J-2U 

F'lrt  Plain.  X.  Y.,  hydrographic  work  at         .VJ 
Fort    St«>kton,  Tex.,   measuremout    of 

*-prings  nrar 2>C) 

Fort  Tt-jon.  Cal.,  rainfall  at 4;W 

F<rst»T,  .1.  W.,nid  by ir.> 

Frarit.i."*,  J.  B.,  acknowUnltifTncntM  to :U 

w.irkor VJ 

Franklin,  (ra.,  Htroam  nioasuromont  at...  HI 
Franklin.  Pa.,  stream  moa>*ureniont.»*  at. .  l.">8 
Frederick.  M<1.,  hydro^rraphic  wjrk  at  ..  1*3  JU 
Frederick,  Pa.,  hydrographio  work  at...  ♦m-TH 
FreoiK)rt,  Pa.,  stn-am  nioasiiri*in«»nt.s  at. .  l.> 
'       Fremont,  Ohio,  hy(lro;n*aphic  work  at  ..      l.-^l 

Fren-^h  Cret^k.  Pa.,  mea-turernonts of l.V< 

French   Broail    River,    X.  C,   mea.suro- 

mentsof ltJ5-ltitf  , 

rating  tabic  for 440  . 

Frenchman  River,  Xebr.,  meaaurementu 

of 4.10 

[      Friendaville,  Md.,  stream  meaBurement-s 

at lf» 

Frrmt  Royal.  Va..  hydrographic  work  at.  H9  90 

Falton,  X.  Y.,  hydrographic  work  at 23- 

24,  lw-lf<9 

G. 

Gaffney.  John  W..  aid  by 124 

Oaffney,  S.  C.  hydrographic  work  at..  12:j-124 
Gainenvill*.*,  Ga..  Htream  measuroments 

near HI 

Gallatin    River.     Mont.,     uioasureraents 

of.... irc-ios 

(iaro;ra   Crofk.  X.  Y.,  hydrography  of.        .■>:| 

ijit-a-*un'Tn**nts  r)f 2J-2t 

f»arst;ne.  Horlj«*rt.  arknowli'djrni«'nt«*  to.      421 

Ofn.'vji,  T'tali.  hydrographic  work  at 341 

Oi.H .ru'i.i.  hydroj^raphir*  work  in Pi, 

i:5«»  n:».i7i-i:2.in 

Oering.   Xebr..   hydroirra]»}ii<'    wurk    at    -1> 

2Ifl.  ll'» 
f»:>ifi..n.  <)rr«g.,  hydrot;ru]ihif  work  at. .  37t»  XT 
Gila  Uiver,  Ariz.,  me.a.Hiiri'ini'nt--  of        ol:)-:)U. 

::l.-,.r,i.;-:ji:» 

rating  ta»»l«  f'»r 4"»-' 

Gila  River  I»;i«»in.  Arl/.,  stn-ani  lu^.-a-itin - 

ment«  in .'I!')  ;:i'; 

GilK-rt.  G.  K..  rite^l :u.'.  . 

Gilbert,.!.  J  .aid  by .".I 


Glasgow.  Va  .  hydro:»raiihi'"  work  at  ....  '.''i  '.*>'>  i 
Glenwfiinl   S;iring«i.  'olo..  hydrographi"- 

work  at 2'.*;{-2'.U 

Glover,  Frank,  aid  by ll."i  ' 


i'age. 
Golconda,  Nev.,  hydrographic  work  at. .  .129 
Goose  Creek,  Colo.,  measurement.^  of..  222 -233 

rating  tablo  for 447 

Oo<wo  Creek,  Xebr..  measiirements  of. . .      439 

Gorman,  Cal.,  rainfall  near 438 

Grace,  John  E.,nid  by 85 

Grenada,  Colo.,  hydrographic  work  at. . .  2&i 
Grand    Junction.    Colo.,    hydrographic 

work  at 294-296 

Grand  River,  Colo  ,  mcaaun^mentn  of..  290-296 

rating  tables  fur 4.>1 

ftrand  River,  Ind.  T.,  nipa.*«nremonts  of.  ai8 
(frandviow,  Idaho,   hydrographic   work 

at 336 

(irangcr,  Wyi>..  hydrographir^  work  at.2S7-2S8 

fJranite,  Colo..  liy<lrograpliic  work  at 257 

(f raves.  Edwin  D..  acknowledgments  to.  42 
Great    Salt  Lake.  Utah,  measurements 

of  .- lU'i-OiA 

( treenalch,  Wallaee.  aid  by r>8 

Gre<m  River.  Utah-Wyomimi,  measure- 

m«'Uts  of 2<*\-'2f<7, 292-25« 

measnr«Mnents  <if  Rla«"k  Fork  of 2^7-2Sft 

ratimr  tabk-s  for: 

at  Biake.  Utah 4:>1 

at  (ireenriver,  Wyo 451 

rating'  tal)le  for  Black  Fork  of 4.')! 

(ireenriver,  Wy<i.,   hydrographic  work 

at 2SIU287 

Greenbrier  River,  W.  Va.,  meanuroments 

of 1(0-104 

rating  tablo  for  445 

Griffin,  Cal.,  rainfall  near 4.38 

Grovant,  Wyo.,  hydrographic  work  at  349-3ri0 

Groveiand,  Cal.,  rainfall  near 438 

Gua<lalnix>  River.  Tex.,   measurements 

of  27.-)-276 

Giinni-^n    River.    <'olo..    measurements 

of 2JC-298 

rating  table  for... 4,'>1 

ir. 

Hale.  R.  A., acknowledgments  to 34 

Hall.B.M.. acknowledgments  to 10 

work  of  l-^^r^M.-n, 

i:l").  vm.  ir.  i:^*.  ito.  ui.  i  j  .M4I,  i:»j-.,  i:i.  172 

Hall.  Max.  work  of I'.N.  l'J9.  ini.1.1?, 

141*.  Ur».  14«;.  147, 14S.  1  U«.  I.v5. 171. 17:M73. 174 

Hall.  O  P. .  work  of   14."».  147 

HammanK.  ."^.  P..  aid  l»y 24.') 

rianc.>!k.W..T..:iidby 1(53 

Harden.  Frank  .*-^  ,  aid  by l.<7 

Hari»er.  J.  E..aid  by    179 

Harri-^biirjj. Pa..hydro'f;rap1iio  work  at..  S0-8I 
FIarri>ui».P.  E..acknowled;rmouts  tn li> 

wTkof :>i<).3S2 

Hartfunl.  Conti.  hydrotrraphic  work  at . .  42-44 
lIa.^kell,E.E..<inoted 173 

work  of I.S1-1S2 

Ilat  ("reek,  X«'br.. measurements  of 4.'© 

Ilanpt.L.  M..  acknowledgments  to ft* 

work  of  .    ft'2 

Havre.  Mont.,  hydrographi**  work  at. . .  2«»9-210 
H.1W  River.  X.C.  measurements  of 112-113 

ratin:jrt,iblofor.... 443 

Hayden  Lake.  Wash.. meafluremonts  of ..      370 


^M 


INDEX, 


Haeel  Cfoeki  Q^ ,  toesifiiiremeiii*  qf Ul 

HatfJU. Allan. cit«tl  .,. ..„_  S* 

Heauireet,  O. ,  aid  by  _,..,, ,  _^ _  TB 

Beting,  Rndolpli .  work  of. , , . .  ^  „ .  -, . ,— ,  M 

Hemdoti « C«l * hydnssTApliic  wpfk  at ... .  3BEh 

SIclrman,  O,  H. ,  aid  by .-.       fl® 

HJll.  W.  R.t  i*ckiiowled(fin«titii  to, Ite 

HiBds.Fran]cA..a[dby IBl 

Hlntoti .  W .  Ta, ,  Rtream  measu  rvmen  U  at  104 
flJwasideeRlver*N".Cmeasuri*njejit»tif.  l(»-in 

rating tablfl  for..... 4K» 

Hobble  Crtiek ,  Utah ,  meai?u.rorQ«ii  t  of  . , , ,      3W 

HofTman.  WnUam.aid  bj-..,.,, ^^,.       fil 

Holcomb  Crc?ok^  Gal.,  rainfall  <m _      ^ 

HolliiifTti worth,  Somn^r,  worlc  of  .  ....^..  ^ 
Hoi mefi,  J  A H ,  ackno w  1  ^gmentn  tn . . .  „ . .  1ft 
"Bol  t  Cretik .  Xebr. ,  meoAti  r<>mA  tit«  of  . , . , ,  -i^ 
Holyoke,  Ma.sa- ,  hjdrographic  work  at . . .  ^-i^ 
HocmI  R  1  T<ir,  OPfiK. ,  me*MU  ratnentR  of 38S) 

mting  table  for ..........,.,_._,     4^ 

Hoopor p Wash. ^hydfoE^apblc  work  at.  3i90-3dt 
Horseh^-ad  Cre«k^  Kebr..  meajaurem^otfl 

of ., , «:» 

Horton, Roliert  E, , aid  by  .  .„,  ,„,*_.,...      193 

dted  ..,,*„.. „.,... ....,_.  6T,5H 

worlc  af  ,,,,,, , 5T 

Hubbttrd,E.W..aidby ,„ , 417 

Hadsoti  Biv«r«N.  V.^nteasiuronieiitsof...     £3- 

Hugbes, Robert, aid  by ....,.„.....,       IS 

Mmulxildt   Rlrer.   Not.*  meMuromentii 

cpf  , .. 325-5l> 

mea^uromentu  of  Kortb  Furk  of  „ .  0Q5-32O 
mQamremcnts  of  8oath  Fork  of. . . .  327^^2^ 

at  Elko.  Xrv -^.•,:> 

at  Golcorula,  Xev .  l.V^ 

at  Or. ana.  N»v 4'):,* 

ratin-,'  tal.lo  for  North  Fork  of 4.VJ 

ratiii'-,'tal.lo  for  South  Fork  of 4:>;i 

HurnplHT-ys.  D.  CarknowlodHMuoiits  to..  10 

work  of 8:.;H;.'t7,!»'.i.  107.  h'ci.  iiM.  hn,  i<r> 


Hutchinjr'.n.L.,  aid  l>y 

Hutchinson,  Kans.,by(lr<itxrai»hic  work  at 

Button,  William  Kich,  acknowlcMl^menrs 

to    

(jUOt<'(l 

work  of , 

Hydo,  r.   II.,  ai'l   I'v. 

I. 


Idaho,  <'ost  of  hydroi^'rajihi" 
hydro^^rapliic  work  in. 


1.-) 


i)rk  in  . 
]sAiK 

[^>2-^xu .  :iy)  m),  m*  ;]:( ; 

I^'nacio,  Colo.,  hydrographic  work  at  .  3<Kj-;no 
Indian  ^.'roek,  Wjush. ,  nicasurcinents  of  .'is^.  4:}<i 
Indian  Territory,  hydroprajdiic  work  in . .     iJtVs, 

2r,!»  ','71 

loia,  Ivans.,  hydro^raphic  W(;rk  at   XM7 

Isaacs.  F  B. ,  work  of  Us 


.Jamo^,  Waltt-r,  work  of 41 T) 

Jaiiics  Rive:-,  Va..  nu-a-surtnuents  of l»7-!>'.t 

raring-  table  for ^^^ 


4;i7 


Jatius,  SteptiGD,  work  lOit ,. _.     314 

JelT^raoti  Ri^er,    Mant-.   meaaaremdntft 

of .,„.,........  ano^aBT' 

J^Urs   Ffurtr.  Cab,  hydrograpbic  work 

at..,..,.,. ,, ..._,_  lST-il*,4fi 

,Tet)ttlli£iKaP.,workaf , ,     US 

Jobnson,  MinsBrotitle^aldby,,. .      fW 

JobiLBou.  Charles^  work  of ...^*,,,,.     Sfl 

Jobufloa,  E  tr,  work  of ,._,„ _  4M,m 

JohDBon, Setb,  aid  by -.-„--,,.,*..-„.     l&j 

Jobtiutoa,  A  L.,  aid  by_,*„ _. 

Jobnstown,  N*  T.,  bydrofn^pbic  work  *% 

and  near.. ...,„„  .,,.._.._,  23-£i.SS4l 
Jordan  Rlrer,0tah.meaaun>meTiti*«f..  Sl2--3i3 
JndBon*  N-  C,  bydrograpbic  work  at, .  W\d 
J  uluftbnrKt  Civlo.  „  Htream  meastiromcnt  at  ^ 
jTiIlatte,  Ga. ,  by dro^rnphic  wor  k  at . ,  _ . ,  13$ 
Janction.  Kan«^. ,  bydroffrapbic  work  at.  £4e^Sl0 

Juniatft  Bf  ^e  r,  Pa^  ,  id  easu  r^men t«  of HMO 

ratitig table  fcir._.„ .,,♦*«     119 


i 


I 


"1 

.    Ill 


Kansas,  cost  of  hydrogrupbfc  work  in.. ..      1| 

hydro^rapbic  work  In ...... ,  34»-SfS»  91841^- 

Eaniaa  Rj  rer^  Eanm.,  moaMUr^mentB  of. 

rattogUbWfor......  ._.„, W 

Ka waab  Rl  ve  r,  Cal ,  m  oasuromen  t*  of  „ . .     131 

Keller,  Cbarleisi,  nck^ow]ed|^ient9  to 30^ 

Kelsey.  Frank  C*t  work  of.  ...„  _,, ,     343 

Kennebec  River,  Mt.,  tnoastirf^mcnta  of. .  SJ-Sfi 
Ketitierde]  1«  Pft, .  ntrcmizi  measn  remoQ  ta  at  ISS 
Kenwood.  N,  Y.,  hydrogrmpbk-  work  at  23- SI,  IH« 
Kom  Klver,  Cal-,  measurements  of.  inn^nT.iiK 

KernvilKCaL,  rainfall  at  ,      m 

Key  A  Pabn  Ri  r  p  r.  If  ebr. ,  meiuu  reiuoo  Hot     43( 

KilltnLTi-r.  A.  .T..  -ild  h\  I-:; 

Kimltall,   X»dir.,    stream    m»-asuronu*nr> 

near i.>'> 

Kin^,'s  River.  Cal.,  measaremontsof    4iG-ltt".v^l 

rating  tahie  for 4^> 

KingsbiirLT.  Cal.,  hydrographie  Work  at.  .  f'^ 
Kin^rston.  N.  Y..hydropraphic  work  iiear  (•'■ 
Kioua.Wash..hydroKTaphio  work  at •""> 


Kiskiminitas River,  Pa.,  nieasur.-iji.mt-r.f 

I> 

Kittannin^.  Pa.,  stream  measxirenuntsat 

IV 

Kno-Kville.Teu!i..]iydro^'raphii- w  >rkat    17j 

-i:i 

Koehig,  A.  H.,  work  of    

a^ 

Kramer,W.V..aid  l)v 

14 

L. 

Layrange,  ('al.,hydroKraphie  work  .^t     ;*'*-- 

in. 

La  Junta.  Colo.,  hydr'>trra])liiv-  work  h:  . 

jir.' 

I..ake  Chelan,  Wa  h.,  m«  a>urem>>nts  o:'       wl 

Lake     Chee.sman,     <?olo. ,     hydr..-rapb;. 

work  at . . ,  i'.-. 

-:^'i 

Lako  CiM-hitu;ite.  !Mass.,  meas\ir*'nient<«'f 

;^ 

rainfall  at    ...    

> 

LakeCa'urd'Alene.  Idalio.  niea>\iremenT- 

of  ,     :i.' 

;7'i 

Lake  Creek,  Colo.,  measurement^  of          ■:'*'^ 

ratiui;  table  for . 

4-' 

Lake  Crevk,  Utah,mea.iurenient  of   

?  .' 

Lakesid«',W:ish..  hy<lrog-rai)hic  work  at     !"1 

-I'T:' 

Lake  SuperioiMueasnrenumts  of     1" 

1> 

Uv  Liebre.  Cal. .  rainfall  at 

t> 

INDEX. 
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Pmg«. 

Colo., hydrographic  work  near.  :ie3-3(M  '. 
rtTille.  N.  J.,  hydrographic  work 

«2-63 

ieRiver,Wyo.,meafinremeDt8of.  214-217 
.ng  tables  for: 

atUva,Wyo 447  ^ 

at  Woods  Landing.  Wyo 447 

ice.    Kans..    hydrographic    work 

; ...  2V4-255 

ice.  MaMS.,  hydrographic  work  at    ^U-W 

Hlll.aidby l.V> 

pton.  Kaniy..  hydrographic  work 

:  iWiW  . 

RiTer.  Pa  .  measnrementfl  of 63 

D.Oeorgo  M  .aid  by IV 

k1 1^ 

River.  Tex. .  hydrography  of :iTt»  lTT 

Tex. .  hydrographic  work  at  'Sr.\  '. 

F".  Kans.,  hydrographic  work  at. .  JUt>-aiW) 
1,    Nebr..    ntroain    inf«Hur»*ment8 

aar 44o 

•.W.,w<.rkof a»{«  ' 

cott.  J.  B.,a<:knowlcdjrTnt'nt.s  to  I" 

•d    :u:j.:J1T.:o» 

rkof :w*, 

»1.:«J..'«I6. 4<0. 4tP^.  m*.  4lM  41W.  4L»7. 4:J7 

River,  Wash  .  Tneasari'ment  of :&*4 

3mr  Valley,  Cal..  rainfall  at  4^*^  [ 

Cottonwood  Creek.  Nebr,  meas- 

rementsof 439 

Jotton  wood  Creek.  Ctah.  measnre- 

lentsof   343-344 

Falls,  N.  Y.,  hydrographic  work 

t 23-34.ril   . 

Pejnnga  River.  CaL.mfasurement 

r 4.-M 

Tennessee  River.  X.  C  .  measure 

lentsof ItjH-ia* 

ingUblefor 446 

Wood  River.  Idaho,  njeasuruments 

f :»J 

ing  table  for 4.53 

Bton.  Mont..hydri>gruphi(;  work  at 

-»lo-:.»ll 
fcven.  Pa.,  hydrographio  work  at . .        7« 
?ole  C'r»H-k,  Nebr.,  iiieasurernfTifn 
f 4^E» 

Mont.,  hydrographi'*  work  at.     11*7  r.»*» 

Utah,  hydroijrapbi''  w«.rk  at     .  im  .'fVi 
Riv«'r.  Utah.  m*fJi.««ureuQ»*iit.s  e.»f .     .'(^-.'{li') 

ing  tubl«>  for  4.>i 

♦port.  Pa..  8tr«*aai   mea-Huremr'nts 

t 1> 

^ne  Cn.H'k.  N«'br..  iuHa.Min?ni»*nts 

f 4:K« 

•warnp  C'H'f.'k.  <  ia. .  ini'asiir»'iiu*ijt  of      144 

a.  S.,  workMf :if^ 

Dgelc9  River.  (*al..  nifa-unMiuMits 

f 4IHM10 

ogoteM,  Colo..  h>*«lr«igraphi''  work 

t :r:N-:ry 

inos    River.  Colo.,  ujeasureinent?* 

f  3i»^)10 

Ingtable  for 4.t2 

iiver.  Xebr..  measurements  of —  16-17. 

210-341 
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Vap  River,  Nebr. ,  rating  table  for 448 

Lovel  1.  Wyo. ,  hyd  rographic  work  at 21» 

Lynchburg,  Va.,  hydrographic  work  at.       96 

Lyons,  Colo.,  hydrographic  work  at S3S8 

Lytle  Creek,  (>iL,  measurements  of  . .  413-417, 
4^3.424.425,434 

M. 

Macon.  Ga.,  hydrographic  work  at 136-137 

MadL«ion.  S.  C.,  hydn>grai)hic  work  at. .  127-128 
Madison  River.  Mont.,  measurements  of  205-206 

rating  table  for 446 

Mahoning.  Pa. .  stream  measurements  at .  156 
Mahoning  Creek,  Pa.,  measurements  of. .  lUS 
Maine,  hydrographic  work  in 25-33 

rainfall  in 27 

Malade  Riv»r.  Idaho,  niea-surements  of.  354-355 

rating  tables  for: 

at  Bliss.  Mah«>    453 

at  Toponis.  Idaho 453 

Manchester.  X.H.hydrM^Taphieworkat.        34 

Mancos.  Colo. .  hydrographio  work  at 313 

Mauc'is  River.  Colo.,  measurements  of 312 

rating  ta>"le  fi>r  4.'i8 

Manliattan.  Kan-..    hydro^'ruj)hic    work 

at 252-253 

Manning.  Van  H..  work  of  369,370 

Mar  bury.  J.  B..  quoted  136 

Marshall.  Colo.,  hydrographic  work  at .  229-230 
Marsland.  Nebr  ,  stream  mcasun>ment  at  440 
Martins    Creek.    Pa .   stream    measure- 

mentsat 62-68 

Maryland,  hydrographic  work  in 81-83, 

86. 91-(H.  159-160 
Maasaf-'husetts.hydnigraphie  work  In 34-41 

rainfall  in  36.38,30 

Mather.  E. .  acknowle<lgmentH  to 81 

Matthes.G.  H  .  eitiHl 313 

wnrki.f 317 

Maumee  River.  <  )hio.  measurements  of.  17h-179 

McCalla,  R  C. .  jr. .  work  of 1.t6 

Mc(.'onneIlsville.    X.     Y..    hydroy:raphic 

Work  at :J^24,ls#V-187 

McCook.  Xebr..  stream  measureiiient  at         440 

MH\.s.key.A.B..work  «»f 4->.  4;fl». 440 

M< -Donald.    Wash  .    hy<iroi,'rai»hi<-    work 

at :^4-^&;5 

MeI>jwell.Ariz  .  hydr«»graphic  work  at  :t.'l-:22 

MrI^M>l,(Ml..eited VXi.VH 

M«.R4!ynol<ls.<).  < »..  wurkof 256 

M^.H-haniesville.  X.  Y..  hydrographic  work 

at   2U-'4..\*-61 

M.-nefee.0..a:dby nA 

Merced  River.  <  'al..  measurement**  of 4.'B 

Mi-rrimac  Riv.r. !uea.suremeuts  of .H(-36 

Mexico.  <.)bio.liyflrographi«"  w^rkat 17JM80 

Meyer.  Henry,  aid  by ."V* 

Middle  CrtM-k.  Mont..  mea.-*un-m»'nts  of.  196-l!>7 

rating  table  for 446 

Middle  Louj>  River.  Xebr..  measurements 

of 2J8-24O.430 

rating  table  for 448 

Middleville.  X.  Y..  hydrographic  work 

St 23-24,49-60 

Mill  Creek,  CaL,  measurements  of..  421-422, 436 

rainfall  on Aa& 
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nn>Bz. 


I 


If m  Crmk,  Vt9^  m^msut^meaU  of . , .. .  aiSi^l^ 
Milk  Ri vur.  Mont, , mettsi^remetiti  ot ...  iOfr-SIO 

nLtlog  tftliteii  f Of MT 

|lillfi«  HlruHt  ftckttoTff  leiltfjnent*  to ...... .       3t 

M ni r Ulit .  W .  ViL, ,  b  yd  nifftupkk  WorU  ml ..  lO-tl 

MmTPood.CftL^rfktnfflilat »-      438 

Mila  CftL.  rflitifikU  *l ....,.*...,-^      43i 

Mlb*teiifl,  AlA  ,  hydro(fmpbic  work  ftt  XfiS-l^W 
Mltili'bndtizii    Rir«r,     Kitbr..     tuvGWruft^  I 

mt^utiior....... ,-  - fl3.43B 

Mlnn^^Ui,  bydrogrmpUle  work  tn  . ...  I&^*lfl6 
Mtviiviind  RIv«^r,  inuJMFar«miiiit«of  .^  ItH-lWi 
Miumilft ,  M  oo  t  ^  H  hyd  rtiffnipblc?  work  ftt . .    803- 

MiiiSonU  Rhttr*  mMn«ur*raeat«  of-. —  IJW-SBT 

FfLtiniprLabkt  for.. ,,,****., --      4W 

Mi*aotiri  Biver.  tnoasnrementa  of ^B 

mting  tabla  fiyr. .^----      *4fi 

Mixer,  Cbftrlt*B  A.,  work  of  — ....... ST 

Mob  A  rt '  Hf  vvr,  CikL ,  mcafforeiaeiitB  of . .  4PB-I0Q 

ralini^Ublpfor  ,. - ¥» 

Moliawk.  X  y*,hj'drographlc  wor)t  a^ftr.  ©-24 
.Mub  aw  k  River 4  K'.  V . »  m««iiUf¥mtiii  te  of . .  £1- 
S4,  4S-46, 51.  5&-^ 
U  olu^lutiiDe  Biref .  CaL  .  moftsiir em^nt  of .  4S& 
MxmcuTe.V.  C,  hydrograpbte  work  at.  11^1  U 

HotidrAffcja,H(iiiiAa,midby.-.- .„,.      £Td 

Mon«^H^  Rfver.  Md. ,  tueanorijmoiitii  of.  S&-iH 

rmtiofftabiefor..... .,      «S 

Hoiitsca,  ocwt  of  hydru^mphto  wof  k  In . .       li 

bjrdiTifrrHpblo  work  In IftVlW* 

Hijrntereyp  PHh^  atrc-am  m^ieuromentii  nt.  laH 
M^*Tit^nTnorj'.  A  Li  ,    li5:flrfi]jrr!i;ihfr    worV 

at - J.Vv  1)1 

Moiit^'t'iniTV  F<rry.  Idaho.  hy<ir<'i,'rai.lnr 

work  at     , .l-A^iy.: 

Montreal.    ('aiia«la,    h>  (lr<i|^'rai>lii<*    work 

at h^'>  m 

M....r.-.M.A.,ai.n.y .   11::, 11:5 

Morn.  Or.'L,' .  hytlro-raphic  woi-k  at     ..     :{:7-:):s 

:\Iorri>.W.  A.,  ai<l  l-y IJ-l 

Morri>oii.  ( '..lo. .  hvdru.:raiihi<'  work  at.  rJ'JT-L^'s 
Mors.-  liivcr,  Wash.  iiiLa-^nr.Mnfiits  of..,       :is| 

Mount  Bi''M-k(M)riilLC«'.  Cal..  j-aiiifall  at V-'>s 

Mount  Low*.',  ( "al..  i-aintall  ut l^ls 

Mount  Si.stor  KKi.-.  ( 'ul.  rainfall  at loS 

!^Iuri)hy.  Iv('..  a(knowl«'(li^nionts  to In 

work  of         ;i.'».».  ^.'tW..  :.'ri7 

Muri»by.  X.  </  .  hylroicrai.hi.'  work  at     h".f«  17it 

Mutah  Flat,  Cal..  rainfall  at  .       4:;^ 

Mut/.,  Xcbr.. -'tr.'ani  nica.snreuuMit  at  V>J 

My.-i-s.  E.  W..  arknowlcdt^m.-nts  to 1<»   I 

work  of liKMld.   I 

1I1.11:.M1.'{.1H.11.-..  llT.lls.l:.')).  l;.'l. 
1:.*-J.  lx'4.  VSy.  Vy,.  UWk  ]••,:,  l,;<.  id-.i.  170   ' 
Mystic  Lakf.  ^Nlass.,  in»'a.-^ur«'Ui«-Mits  of  .    ,  :?'.'  lit 
rainfall  at ...         -f.* 

N. 

Nachfs River,  Wash., uK'asun'nients(.f    ;{72-:{7:! 

rating:  table  (or 4.">4 

yHg]e.  r.  M..  ai.l  by . . M 

X'xrro xv.s.  Cal..  li yd rograpluc  Work  vvt    .  4<iy  4ln  ( 
Nii.<h un.  Ki  ver .  Mas.s. .  hy ("lrogriv\>\vy  ot  —       -VN 


National  City .  Citl .  rai^f  aU  ?n»r . . .  - 4 

KfcylaTt  Charjp*  H. ,  liid  by- _ ^,-.      t 

Noftl,  N.  C. .  bvdro*frt*pMc  wnrk  &t. t 

Nobrsflka,  C4j«t  of  Uj  drogrflpbic  work  III- 
livili'offrapbic  work  iu 1*4 

in.-... ,„., m4 

jroteotijB.JHKajdbT....,- -..—.,,.      \ 

Keoiho  EiTer.  Kaaa. ,  measamoi^iiU  of . . .     I 

rfttitigtftblufQT,... ...... .,„... i 

N&p^ta,  Colo. ,  hydrairrapblc  work  at  3Kk-3 
Nc^haminy  Cn^ek.Piv  .meoaiircineDts  of.  U^ 
l^t^um  Hivt^r^  N,  C,  m«i^uremeiil«  of ..  UlA 

rating  table  for *^^     k 

N«vada>hydragrap|]j«  work  In _...  JB^J 

K^w  Ki  ver,  V  Irtfinia- West  Vfrcri  Ola.  njjMft 

tiroinutiti*  of ., . , , . .  Hi-  im,  I*l-li 

rating  table  t*yr .,. ...  ...„._     * 

Kew  Bmnnfele.  T(;<x..bydrL*?nipb1c  work 

*t .....,., ._.  jKs-a 

Ne  w  brf  d,et^,  Ga, .  vtT«Am  menAtiremoQ  t^al     U 
New ©11,  F.H.;i*3tttr  of  tranamittjil  bf  .,.- 
New  Banip«bire,  bydrrtgraphfe  work  in. .      t 
New  Jersey. bydroffrapbic  wiork in  ^ .... .  tt-< 

Newman.G.O...  work  of ,,. 41 

Newmjuci  Creek.  Hcbr^.meaaureiiientaoC.  H 
New  Mexico, bydroifrapUie  work  in...,  W^ 
Newj^ort,Pa.rUyiJrograpbic  work  at  ....  7!M 

New  Vork^  hydrugrapbic  work  in 30-i 

4A-4SjSl-ti 

nuitfAU  in......  ,,,,.. * 

N«w  York   MllU.  K.  Y.,  bydroffTfti^lile 

woTk  at  *t  ^H  *^- 

Niajxara  kiver.  measurfuumts  <-,i    i«,  i 

Xirewarner.  W   K.aid  by 

Xic-hols.W.B.ai.l  by I 

X'ilt-s.  Kans..bydro^'ra])hi'' Work  at  .  .  uM'.'  J- 
Xiueniil.'  Creek,  X.  Y.,  hydr<.t:ra}ihy  '^f       U> 

nieasurcnient."^  of  ......    'S> 

Xiobrara  Kiver.  X'ebr. .  nlea-^nrt•ln••n:•^.  :     K 

•Jl  >  -JU  i'^-- 

Xobl.'.  A]fre.l..-it.-d     . 

Xobli'.T.  A..workof >■ 

X..rfolk.Xel.r  .hydr(.^'rai.lii."  work   it  JJ- 

Xorth  Kiver.  ^'a..  ni'Msin-'Hi'-nt--  of  -<'  • 

Xorth    '  of  .lani.-s>   Kiv.'r.    Va  .   ir.r.i^iir- 

niellt.Sof 

ratinu' table  for .  i- 

North  Anna  K'i\i'r.Va  .  nieasurcnn  tiT~    ' 
Xorth  Taroiina,  hydrourujihie  wotk  i::         ; '" 

I'ji.i'-i: 

North  Loui>  River.  Xebr..  m^'asuroin-n'-^ 

of Z^:  ■:>  i' 

i-atin^' table  l\)r ^ 

Xorth  Platte.  Xebr. ,  liydroLrraphi--  w.  r-. 

at - ^^rl'  ^i.:r7  +• 

Xorth  Platte  River,  lU'-asur*.  iceiits '.-i -1" 


ratinu:  tables  bvr: 

at  Camp  < 'larke.  Xebr.  .    . 

at  Cerintr.  Xebr. . . 

at  X^.a-th  Platte.  Xebr.    :.*) 
\v\  v\yvu  Juuetion.  Wy... 
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Paso. 
North   Yakima.    Wa^h..    bydro^rraphic 

work  at 3T2-373 

Norwood. X.  C.hydro^raphic  work  at.  118-119 

O. 

Oak  Creek.  Xebr..  measnrements  of 440 

Oakdale,  Cal..  hydrojprapbic  work  at..  3P1-382, 

402 
Oakdale,  Ga.,  hvilrographii:  work  at. . .  13»-142 
<X'iniiiffeo  River.  Cia. .  measurements  of.  13»i-137 

rating  table  for 444 

Oconire  River,  (ia.,  measurem<.'nt8  ot ..  13^134 

rating  t:iMe  for 444 

Octor:ir«»  Crt.-ek.  Md.,  measnrements  of. .  >l-vj 

ratinij  tablt*  for 4tL* 

Ogden.  Uiali,  hydrf»jrrai>hir  work  at  . . .  li:i»>-^>>7 
Ogdcn  River.  L'tab.  measurements  of  .  :i\i>-m7 

Ohio.  hydr">ifraiibio  wi»rk  in IT.Vl",  K-^-l*'! 

Oil  City.  Pa.,  .-iream  measurements  at . . .  1V> 
Oklahoma. Okla..hydroi:raphio  work  at  LV*'^:^'.'.* 
Oklah"ma  Territory,  bydrot^rajiliic  work 

in. 'j^\K.2>it 

Olentaniry    liiv..-:-.   ohio.    :iH'asiir«*mi-:its 

of  i::M:r; 

rating;  taM.-f.r 4H; 

Oneida  Creek.  X.  Y..  nioa^un-'ni»-n>  '»f  i>-~4.  l"^i 
O'Xeiil,  Xebr.,s*reani  luea-iUT'-'ment  at..  4-iO 
Ooi^tanaala  River.  Ga.,  mea.>iuremeutd  of    14t'i- 

147 

rating  table  for 44.'> 

Orchard.  Colo.,  hydroRxaphic  work  at.  2^>-2:^7 
Orcana.  Xev. .  hydro^aphic  work  at  —     .?» 

Oregon,  hydrojraphic  work  in 37ft-3Hii 

Orin  Junction,  Wyo..  by drogrraphi^  work 

at SIT-L'lx 

Oriskauy,  X.  Y..  hydrograpbic  work  at.  2J-24, 

47-4>* 
Oriflkany  Creek,  X.  Y..  hydrography  of. .  47-4^ 

uea.surt.>ments  of  15^24 

Orlean.«.  Xebr.  stream  measurement  at  ^4^.44h 

Orwull,  X.  Y..  liydrography  at IW-IHI 

Oswego.  X.  Y..  bydr-.fjjTapbio  work  at  .  l^O-llO 
Oswetro  Rivi^r,  X,  Y..  m<'a.-«ureuients  of.  'S>-H, 

Ottawa  ri:V«.T,  Canaila.  n.-a-ureiiit-rit  of.  I'M 
Ouruv  S^'br.j'.l.  I'tah.  l:y'lr<-i;:Mi.l::o  w.-rk 

at   'J'A 

Owtjn.  W.  L..  aid  I'V   11»J 

O w«  US.  ' i:-' -rge.  ail  by i-il 

Oxford.  X»-br.,-tr»-ani  i::..-a-i:r'in»'nr  at  .  41'" 

P. 

PalUfid';.   X«-Vir.,    -trt-ani   nj»-a-.uri-nieiits 

a: 4.'£<.44'i 

PalmdaLe.  <.'al..  rain: all  n-  ar 4;»"* 

Palmor'-.  .Tnli.-n  I.,  ai'":  by  (»•» 

Palou.s-.-     River.    Wa-.li.,    mt-a'^ur-jments 

■.f :->»-;v;i 

ratiniif  table  for 4.V4 

Parker,  Pa.,  stream  n.'-a.-urement**  at. . .  l.> 
Pari^halU  A.  J..  a<'kn«i'.vledj;::ijents  to I'l 

work  of -•ll.L*15.J10.:.'l?.J>7.:>^ 

Pasadena.  Cab.  rainfall  near 4:i"* 

Patapeco  River.  Md..  measurements  of . .        tv3 

ratinfc  Ubie  for 442 

Paterson,  Thomaa  L.,  qnoted h2 


Page. 

Panl.£.G..workof fiS,  C3, 70, 77. 78. 79. 80, 

81,  S3. 84. 85. 86. 87,  t«8. 80. 91. 82.  W.  W.  1«».  161 
Pauls  Valley.  Ind.  T..  hydrographic  work 

at 27l>-271 

Payette,  Idaho,  str(>am  measurement  at.      359 
:  Payette  River,  Idaho,  measurement  of  .      ST* 

Peeos,  Tex.,  hydrographic  work  at 2S5-286 

Pe*lee  Riwr,  S.  C.  measurements  of..  117-118 

Peko,  Xev..  bydri->graphic  work  at 3S5-3:M 

Pend  Oreille  Lako.  Idaho,  mea.surement 

i  of ;J7II 

Pennsylvania,  hydrographic  work  in (tl, 

•>4-hl.b>7-lnO 
PerkiomenCrwk.  Pa.,  measurements  nf.  6,>-73 

'   Pfeiffer.  Peter  .T..  aid  by 129 

Philadelphia,  P:i..  hydrographic  work  at 

and  near 74-75 

,   Pir-keus,  H.  IT.,  work  of 4as.4^2*.440 

Piedmont.  W.Va..  hydrographic  work  at.        f4 
Piedra  River.  Colu.  mt^asurcments  of. .  3fti-3u9 

ratint:  table  for 4.>2 

Pinelo^'.  Ga.,  measurements  of  sprinifs 

n.-ar 147 

Pirn,  Cal.,  stream  measurements  at  and 

nr.ir  4.12. 4:U 

I*iru  CrtMik.  Cal..  measurements  of 4:t.*.4^ 

I-*ittman.  Thomas,  aid  by l:k\ 

'   Pittsburg,  Pa.,  stream  measurements  at.      158 
Platte  Canyon,  Colo.,  hydrographic  work 

at 234-235 

I  Platte  River,  measurements  of 242-243,440 

'         rating  table  for 449 

!  Plum  Creek,  Xebr. .  measurement  of 440 

i  Plunge  Creek,  Cal.,  measurement  of...  433.435 
Pc^-atollo.  Idaho,  hydrographic  work  at.  330-351 

;  Pogson,  R.  M.,aid  by 437 

Point  Pleasant,  Pa.,  hydrographic  work 

at »C64 

Point  of  Rocks,  Md..  hydrographic  work 

at 91-«J 

Point  Rof'k,  X.  Y.,  hydn^graphic  work 

at  and  near  - 24.1>7-1.S8 

Polhisky .  Cal. .  stream  measurements  at  :j!»0, 433 
Port  RepTiV>lio,  Va.,  hydri>j:ruphio  work 

at SG-v* 

Porter.  Dwi;;ht,acknowi'HU'ments  to  (V2 

*^-it--d 2."».27.2S 

P<»rter  Mills.  Ga.,  stream  mi*.isureuK-nt.-s 

at 141 

I»ortn«-uf    Rivor,    Idaho,    measurements 

of  ;i"i<»-551 

ratin^' tali'.i.*  for 45.J 

Poso  (?ri.ek.  <al..  m<.Msurome:it»)f 4o3 

iv^t  Falls,  Idaho. hydr-vraj.hio  w.)rk  at.      370 

Potoma*' River,  mcasr.retnents  of ..  M-ni.IU  1*3 

m-uMiromonts  of  Xortb  Branch  nf.. .        t»t 

me.i.*^ureme:it<  <^f  South  Branch  of . . .        W 

rating  t.iMe  for 442 

'   Power,  S.  P  .  jr..  aid  by 1.12 

Prall.  «'.  T..  work  of 2i;y,  2««).  2SU .  29-i 

Pr- ^sfte y ,  11 .  A . .  w or k  of 1 7."..  1 7ii.  1 73. 1  Si).  181 

Pres.-b-y,  M.  V..  aid  by 1?2 

Price,  Utah,  hydrographic  work  near. .  291-292 

J  Prii.deU.  L.  M.,  aid  by 174 

:  Prr>vo.  Ctah,  hydrc^^raphic  work  at 

Pre  vo  River,  Utah,  measurements  of. 
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I 


Prove  mr^t.  Ut»h,  miing  tmhU  Uvt m 

wmnng  UkhU  tot *,. ...*..,,     484^ 


Hi 

1l*dra»d,Yft.,]^(lra8r«phic  work  mt..  lil4(S 

RttfWr,  0«oria  W..  oltttd fl. 

^  4T,  i»,54, 5$.  57. 5$i^  189,].^ 

B*iiijiiiL  cmitfwTito dm,m,m-4a9 

I  H»in<s ,.-— ,.,....— 37 

,        MiLMAfthDM»et* „._.....--..-..  30,a*»ai» 

I         K^wVork.. <ia 

'  E«Iuf  All  «tfitloiM>  IcKmtioQ  otp  In  wfratlit^m 

I  oailorol*..  .-.- .....,.,...„,,      IS7 

y  B»tln«t»bl«!i. ,, 404,411,119.411^155 

f  JbtfctiiMiiaka  Criffikt  Mtrnt-^  iiiflasttTeiii9Eit9 

ot .- „,, affl-»u 

r»Litigt»l>lofOT,, ,„„-,.......,.      45* 

S«d  Cr»ak,  Utah,  ixi«tt«[iremelli  of, , , .  ^„     SSI& 
I  B0dbULk  Creek,  P^t  niaftvarwQonta  of  .      IM 

^  B«dbi^ctk  JuQcti^^tii  P^«  atT««in  mfn^ure- 

111  oat*  nt  —  .»_,,.,*....^  ...... —      IM 

,   Eedbhtfl',  C»l ,  rttiufHll  »!...„ 438 

B<?dijlufT»  MnnL,  brdJ-ogtapliicworkat-.      aft 
R&dSftnd*  ElLM.nriP  Ltifbt  and  Power  Oam^ 

(  pftiiy^  Hid  br  .-...-.. ,,, .,,      4B7 

'  E*d  Moutit^iii,  C*l.,  hyiSrcwrapbic  wturk 

At . .-.  K(MOI^133 

Heed,  C.  A. H  Jr.,  Aid  by „ ,. IS* 

Ktiff,  ( 'barliP  F.,  aijl  by :>-l 

Reliuufo,   T<nin.,   .stiv-atu  moaduroinoiit.s 

at  Kl 

Rei>ubli«'an  Rivi-r,  iiicasuremeuts  nf . .     L't.'>-LJ4'.> 
ratinj?  tables  for: 

at  Juuctioii,  Kaiis 410 

at  Superior.  Nfl»r 41(» 

Resa<-a,  Cra.,  h5-ilr«)t;rai»hio  Work  at ll«>  147 

Rt'troat.  Pa.,  .stream  iu«-a.sureiiioat  at  ...        Tti 
Roxf<)r«l  Flats,  X.  Y.,  liydrou'rapliic  work 

at   '^i'J\.'u 

Rhcad,  J.  L..  ackiiowh^licincut.-  to    10 

RiaU<».  Cal.,  hydioLrraphif  work  uoar      41.')  417 

Richardson,  C,  aid  l.y HI 

Rico,  Colo.,  strr'am  iiioasnmnciits  at ',\y'> 

RidiK'o   jMill.s,  N.  Y.,  hydrt)Kraijhic   work 

at 45^W) 

Rincon,  Cal,  liydro^raphic  woi-k  at  and 

near 4:.*.'>-4:i^.  4;J»i 

Riucon  Narrows,  Cal,  hydrojxrapbic  work 

at 4:is 

Riuggold,  (la.,  stream  nieasuromont  at..       174 
Rio  Grando,  iiieasurtMnontH  of . .  :.*77-L'7.s.  2TU  iJS4 
rating  tJiblos  for: 

at  ( 'cnicoro,  Colo 4.V) 

at  Del  Nort«',  Colo 4r»0 

at  Lnibudo,  X.  Mex    4.^,1 

at  Rio  Grand.'.  X.  M.-x 451 

Rio<irand«-,  X.  M«x..  hydrograiihic  work 


HiVAnuiltt,  Qtk.,  hyilrAnrapblc  work  at  ^nd 

n«ftr.. ..,-._._,,„ ,,,____,..  liS-ia 

worlcat  -. 4K-BI 

EiTertojEi,  Va,» ferdroBTsphic  work  at....  SMi 
Eo«auk«,  Ta.,  bydrograpb^c  work  at. .  10;'lai 
Reianokfs  Rivnar,  ineAifweiaeiit*  af-.„,,  107-101 
mtlng^  tablea  fort 

fttKald^N.  C ..,..._-„„.     m 

at  Roaooke,  Va.... .,.,     40 

HockCrwk,  D.  C,  tneAiraTemeatftaf.....  IMS 
Boekhill,  R  CI,  hydroifrftpbic  work  *t_  151-ta 
BockyCord^    Colo.,   hydrograpiJiic    wo^k 

at... „,„ _ 381^ 

Bolftt,  F,,  work  of .,... m 

Borne,  Oft.,  hydro^raijhlc  work  mt». H$-W 

Row,  Cbarlea  P.t  work  of ,, ._„,     m 

Rowekboj-it,  W.  Va,,  bydrogr^pble  wtirk 

*t ._„ „. „.    m 

RnwlamliiTill?^  Md..,  hydriiifmiililc^  w^ork 

at..,....,,,, ,__„_-..._. .._.  iWl 

Rowley,  L.  T.  aid  by  ., ._,..., H? 

Rubid^jux   Monarain,  CaL,&tr«Am  ukHA- 

nrtimont  near.,., ...,..,,,,„„.     A 

Biimford  Fulls,  Ue.,  bydrc^tvplilc  work 

tti. ,..,- - fX-m 

raiufallat.„..._ ,..„..._ J7 

Banner,  J.  A,*  work  c^....  ..^,_ ja*«i 

EnftSQlL  W,  Q,,  ackoowl^ffmenta  to  . ., .        Mi 
work  of , ...,„,.     31^ 

siu,  mi,  ^i,  3S^  2sa,  Sff6,  ism^rni^^m.-m^m 


E^acrvmetiio  River,  GaL^  mea^tiremeat^ 

of :jsr  '.ti^f, 

riiT  tnir  ti\hlnii  f-nr, ... 
St.  Lawrcnco  Rivor.  ineasur.-inents  «■!      1'- 
St    Marys    Rivrr,    Mi.-li.,    nuvisur'-me!.:.- 

St.  Paul.  Minn.,  hy<lrogra]<hic  work  at  1'4 
St.  Paul,  X'fbr  ,  hydrograplii.-  ucrk  at  u'iT 
St.  Stejihcn,  S   C..  str*-ain  nn>a--ur«.-ia>i;:- 

at 

St.  Vrain  Cre«-k,  Colo.,  nieasinvin.-nts  ot- 

ratinu' tabic  i"..r 

Sal.'svillc,     Mont.,     liydrograpbir     w  rk 

at    - b*.V 

Salida,  Colo.,  hydrograpbi<-  w.»rk  at 

Salina,  Kans..  hydrographi'- W(jrk  at-  .  i-V^ 
Salin*'  River,  Kans,.  mi'asurcnimts  <>i.  d-' 

rating  tabic  fov 

Salisbury,  X'.  <.'..  hydr<)..,'rai)Iiic  workat.   llr^ 

Sallacoa  Crcrk.  Ga..  measurement  -..f 

Salmon  P.ivrr.  X'.  Y..  liydrugraphy  of      1  ■• 

iuca.surenn*nt.s  of S 

Salt  Lake  City,  Ctah,  hydrograpbic  wTk 

at :U-v 

Salt  River,  Ari/..,  measur.-ments  of :^:i 

Salt  River  Valley.  Ariz.,  str.am  nua^ure 

ments  in 

Saluda  River,  S.  C..  U)casurcnui:t>  .■:       I3> 

rating  tabic  lor 

San  Antonio  Creek.  Cal..  n»o;i.siirenion:> 


Boruaniino,  Cal..  rainfall  near 
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Paso. 
<*aii    Bernardino    Valley,    CaL,    hydru- 

irrapbic  work  in 433-4^ 

Sanlx)rn,  K.,  work  of 423 

San  Carloe,  Ariz.,   hydrographic  work 

at 313-314 

San  DifRO  Flume  Company,  aid  by 437 

Sandusky  River,  mecuturcments  of 170- IHI 

Sandy  (.'reek,  Nubr..  moxnurementa  of. . .  4W 
San  FoliiK'  ( 'roi'k.  T*rx.,  moaflnremontsof .  277 
San    FranclHTo   Rivor,    Ariz.,    moa»ure- 

uit'nts  of 3ir> 

San  (*abrl<»l  River,  Cal.,  luoasurcmonts 

t,t 4HH1:J,  J:w 

rntinK'  t.ible  for til 

Sankr*-r  LuuiImt  (.'«imiiiiny,  aid  by 4^17 

San  J'A<(uin  Rivor.  Cal  ,  measurom«'nts 

of.    :fifc">  :«*•».«} 

ratin^r  tablo  for  tVi 

San   Juan    River.   Colo.,  measuremonts 

of 3i»7  -itx 

raring?  tabK'  for 4.")1 

San  Lain  R«'y  Rivor.  Cal.,  measurvments 

of 4:^  «» 

San  Matw.Cr.jok.  Cal,  hydro^Taphy  of    :w» :«) 

rainfall  in  ba-sin  of IR*) 

San  Mar<M.Hl,  N.  M<.'x..  hydrotcrnphic  work 

at  2S32KJ 

Han  >Ii»{uel  River,  Colo.,  moasnrenientH 

of :>e-3rr7 

rating  table  for 451 

f^n  pcd ro  River,  Ariz. ,  meaau romenta  of .      3 1.5 
Santa  Ana  River,  Cal.,   m€iaHnremont!> 

of 418-421),  43:),  424. 425, 427.  U^,  4.'W 

rating  tables  for 419 

Santa  Clara  River,  Cal.,  meaAurementn 

of 4.'R,4;M 

S^ntn  Paula,  Cal.,  stream  zneasurement 

n«iar 4:m 

Santa  Paula  River,  Cal,  mea>^uremGntB 

of 4;tt 

Sante<;  River.  S.  C,  hydrography  of 12»i 

Sappington,  Mont.,  hyilrographic  work 

at     2iirtaf)7 

Sau'iuoit  Cr*'ck,  K.  Y.,moaaur»?uientsof  'S^  24. 

4M  4'.» 
S^ault  St»'.  Mar  if,  Mi^b.,  projK>s«?«l  ranal  at.      17s 

SavHgi*.  (i.  X.,  aid  l>y 4^{7 

8ava4;i-.  N.  H..  wf>rk  «»f 42S* 

fSavannah  River,  ni«'UHiirt.*m«.'nts  of iLlt-lJl 

rating  tabU-s  for: 

at  Aiigui-ta.  (in 4U 

at  Calhoun  Falls.  S.  (' 444 

Sawkill  River,  N.  Y..  hydnnrraphy  of....       v,\ 

gawyer.  R.  C.  aid  by 1»*»H 

Srben»*'*ta*ly,  N.  Y.,  liy«lroj;raphic  work 

at .V>-.V) 

S<.*h'»hario  Cret-k.  N.  Y..   m»'aHur<.»mont» 

..f 2:i24.:>4  .V. 

&;hr'X>n  Ftivor.  X.  Y.,  hydrograi)hy  of. . .        '>s 

m**iisur»«m«"nt8  of 23-24 

Scb  ussier,  Herman.  a<.'ki;owlodtanont!«  to.  3S9 
Srbuylkill  River.  Pa  .  mpasnrement«iof . .  74  75 
Scioto  River.  Ohio,  meaHurcments  of. . .  170-177 

rating  Uble  for 446 

Seared  Corn  Creek,  Ga.,  measurement  of.      115 


Page. 
I  SelinsOrove,  Pa.,hydrographicworkat.       78 

I  Selma,  Ala. ,  hydrographic  work  at 153 

'.  Selma,  X.C.,  hydrographic  work  at 111-112 

!  Seneca,  Nebr.,  stream  mc^aHurcmen tat..  439 
I  Seneca  River,  N.  Y.,  measurements  of .. .  23-24, 
I  183-184 

I  Soriuoia,  Cal.,  rainfall  mnir 438 

.  S«»j«iK',  ( 'al.,  stream  nieaHurompnt  near. . .  434 
SeHi)*>  CnH'k,  Cal. ,  ino asurements  of. . .  4:C  434 
Sharj)  Mountain   Creek,  (»a.,    measure 

nu'iit  of 144 

I   SharpHburg.  Md.,  hydrographic  work  at.       Wl 

■   Shaw.  John,  aid  l)y 437 

Shcnandciah  Rivor,  mouMuromonts  of S8-91 

in«'a**urom«»nt.s  of  North  Branch  of. . .  H»*-.Mp 
u«'ii««un'iiient?*  of  South  Branch  of...  HiUtt) 

ratinj^  tahlo  for 442 

Sherman,  Churli's  W.,  acknowledgments 

I  to 39 

I   Shirley,  F.  S..  work  of 350, 

lire. :«».  :J5t,  :i.V).  .T57.  .V£t,  30O 
S1k»1m'  Br:irn-li.  Xehr..  iiieaxuroment  of...      440 

Sh'H.k.  K.  aid  liy M 

Sho'*horM«  Kiv»T,  Wyo..  nieaHurements  of.      212 

Shufoiil.  H.  K,  workof     bJ(J,b;7. 108,170 

Si»»l»*y.  H.  D.,  work  of 414 

Sirknian,  A.  F..  acknowUMlgmcnts  to  ...        40 
.Sidney.  Xebr..  stream  measurement  near     430 

I  SiHson,  Cal.,  rainfall  at 438 

!  Sit*«rt.  B4»«Hle,  aid  by 238 

'  Smith,  FriHl  D.,  acknowledgments  to 10 

workof 302,364,386,368 

Smith,  (*lonn  EL,  acknowledgments  to...       10 

workof 213, 214.221, 2?7, 237, 338, 

•SV.  240. 241 .  :M2,  243, 244. 245. 240, 438. 439. 440 

Smith,  H.  F*,  aid  by SOO 

'  Smith,  .1.  O.,  aid  by 05 

'•  Smith.  William,  aid  by  4:17 

Smith  MillH,  S.  C,  stream  moasurementH 

at  118 

Smoky  Hill  River.  Kans.,  measurements 

of 2.51-252 

niting  tablo  for 449 

Snakf  River.  Idaho- Wyoming,  measure- 

.  iniMitH  ot .'Ml^lVj,  ,'l51-;i>2 

rutin.:  t;il»le  for 4^53 

Snerhlou,  Burt,  aid  l>y 4.'^ 

Snyd^T,  A.  ('.  :iid  by 2© 

Solduck    KiviT.    Witsh.,    nu'.'usuremontH 

of :)iM.t-^7 

ratirii;  tabli»  f.ir  455 

.S^ilomMii     Kiver.    Kuiis.,    measurements 

of 249-250 

rating  table  for 449 

Sonora.i  al.. rainfall  at 4.'» 

So<inee  Rivor,  (»a..  moasurementH  of 141 

South  Kiv«»r.Va  .uie.i<tnremeutH  of MSS 

South  ( 'arolinti,hydrok'rai>hic  work  in.  121-130 
S.iuth    B«nild«>r    Creek.  Colo.,    measure- 
ments of  229-230 

rating  table  for 448 

South  Bri  la^l  River.  ( la. .  measurements  of      132 
:  Southern  Pacific  R.  R.  Co..  acknowledg 

j  mentsto 324 

SouthUnd,W.J.,aidby S25 
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I      fimttlt  PlAitft  tl Wur.  EiiPft*af^4Eii«QtA  ol  —   ££1- 

L  me4isar«tii«iiit«  nf  Boutti  Pork  of .. .,  SSS^St 

L  «t  i>»ftv«,  Oalo..,,  * .— .  -**. «^ 

^K       *tordwra*coio^(iu« -     ^ 

^M  tttPltU«CMi3rab*Cbli>  ..*....* 448 

^^    r»t!njjUbU)forS<iot&farfcof 4*7 

ilc^brtlljlreeb,  Kebr.mOiiflllVlMntol.      440 

»l wft1«h  Fork ,  UtJUi,  mciianrwMGt  of . , . , .     »I0 

i^ritLjfclic.Wi)ilL,iiw*«ifwtiieixtof  *,...     37ti 

I       Spokmnv,  WaslL .  h  j-awnermphl^  work  «t .  8*0-371 

or... ..,.....- m^m 

r»«nctAlil*  for. -..„,. ,.-.-.--.. i&t 

eprlOtf  Cf«ek«  N*br. ,  tn««AnrvinioatA  of ,  - .  440 
9tirlii|(rme«  Uteb,  »truiii  iaeAfiar«ia«Eit 

fiMir  .,.^,- -." —  ^^ 

Bpr*Mae;w.j.,fltted iw 

^Dii w  Creek .  Nebr. ,  moiwu  perofinto  of , , ,     #40 

j  3IS.4SS 

[  fftttug  table  fO(r .„.....-     415 

8iewftrt,ClliitouB..qQot4Ml-  ,._ l»l-lffi 

StiiiMnffWi*t*r    Bivwr^   Kebr,  moasare- 

m*tita  of  *....*,.... .,*,,. 440 

BtiU.J.Q.Afd  by  .„.. --      *»? 

SttttYlll*!,  U .  Y. ,  by droKTOi^Mc  wot-k  at . . .     SJ- 

24,4ft-47 

Btou t ,  JKmw,  Jr. ,  aid  by ..,.„.„.,_,,     M 

Stow  t*  O .  V,  P. ,  «ckiiowledKm«aita  to_ . ,. .,       10 

worknf .....  — 214 

Strs  w  Ijorry  Creek*  Ut*Ji .  TOeunremeDt  of     SRKJ 

6a(3bTir3r  BJv©T,Maaft,,  run-off  of,.. ...       37 

Sn  I  Me  ri^  *  r ,  N  a  hr, ,  Uy  d  rc/^ra  pb  Ic  w  (^rk  at .  S4a  24^ 
1^ u s* J u n.-hsii n m  B i v« T,  iiii.'a^\i rp-*iJH,': h t ts  of . , .      7^ 

uiunsuri*mi-iit'fl  of  Nr^rth  Unmrli  of .   .  T^-T** 

EinrtHtin'tin^TitH  «if  Wcjii  Rrittif.'Ii  nf T(*-ni 

laliiii;  Uil^o  for ..      44:2 

(it  !ii^nviflo,[\t  .     .-,....,,*...      44*J 

H^  Wi3ki"-K£irn'.l*tt    -...,-, 44:; 

til 1 1 riK  tJi  1  ^t'  ff  f r  Wt's t  BMn ch  of . . , , . .      44^' 

PiT -   i*ii 

j^iiirrr  (Yi*i'kKf^aL.iiiL*ittitTLiromMut  *\t  ......      Atkl 

Silt  tf *r*' ri*(.^k .  i  'al  ,  Hi  rttji] n  \ n v-iisn n^ m ont  n.t  4-^ 
H  w  <fi  1 1 K  U  t!<  irtrt?  F. .  its  ■  ku  <  j w  I^mI  t;  rini^ii  t  -  ti »  .  vih 

Hw^'i-lwiirtHr  t 'r<^*^k,Ufl„Tm'iiHT,iremi'iit.t*of  HI 
W  wnt  M  \v:i  tf .*r  <1  n  til  A*el1  . 1  t* v  » j  tu  ni  i  Ion  at    IH  (-4^  11 

ramfEil!  :it     -i;!!,  J^JS 

Kwi'i-'twulur    Uivi^r,  fill.,  iiti'Mi5nn.*nioiit?v 

of . .,.  VJ^t  A^lit 

Svri'nilseii,  Gf'or^i*  t.#,,  [tckaowlcdgnieiitji 

to , ,.... . . 111 

work  of .„.„.„.„,. ^m,^U 

^wiiL  U.itiahy. ,_.,.        13: 


TiUkiTHif  Btn.^k  l>('(^k^  tisi.,  TD'"43nreiiii?nt 

"f  ,. _..       Uh 

Tidlnpoosu    Rlver^    Alu..    tiu'o-suromeats 

fit  ......._...... ,„  i^im 

r^ithi^  trtlih^  for..,-., . — ..      ^V> 


Tw  Bl  ref *  X .  C*  fneei«oj''eixiec(ta  of  ^ . . .  .^^   HO 

mtliJff  Uble  for iil 

Tarboro,  S  C. .  b  ydrofifrapbi?  work  »t, , . .  I!* 
Tmrvntum,  Pft^«  ttream  meftstiPeiQeii^»t.    ISS 

T»ylOT.J.M»*liSb>' „, ......     m 

Tnylar,  L,  H. ,  ackQcnrledgm^sata  to ..,      19 

T&y  lor ,  Tbom  w  U , .  »c^  now  lod^meti  U  to .  10 
work  of ilTl.^^t^X^ 

^Tj,  ^,  385.^35, 3*,  327, 33S,  33»,:SQ.IIt.l!J 
TejBsgs  Eiver,  C^L,  meMiirvtneQts  of  .  -  «M 
T«tiiflwsftl   Crc«lc.    C^,    mfltaniraakiait* 

fff * .,„. ,„  1«hOI 

TenntiHeB,  bydrogratiblc  if^ork  la,  _ .  _...   !BK 

m.i^is3 

T«itineeM  BlFer,  meMiLf^&Bae&ts  of , . .,  It^MJi 

rmtin^  table  for.     «4 

TfeiM,  bydrogTMphie  work  in..  «7l'.a77.aii» 
TheimopoUj^  Wyo.,  hydrograpbic  work 

at , . .   m 

Tbe  Narrfjws,  Cat*  bydrographic  wort 

at .„ iffHM 

Thompscot  0««k,  Kebr.,  iD«a«iuTm«ste 

of,,. , ..    m 

Timm^Go^tar. aid  by... *.._.,, .....,,.,.  f!^ 
Tocooa  River^  <ia,*  ttieaffarfim«Qt#  of  -.  IT141:« 

rating  Ubie  for....... ..      . MA 

Tohickon  Crw>lc,  Pa,,  menenFffstienu  of..  « 
Tomblgbee    RLrerH,  AIa.^  meaiuTtMuiTtEti 

of  .,..,,,,,.„.. , .,    m 

TopooJfi,  Idaho,  bydro^rapbic  work  at..  358^6* 
Tow&ltga  Rtr«T,  Oa. ,  measnmaaitta  of . .    131 

Towers,  W.M.»ald  hy ...    Itf 

To  wiie<.4ud .  Mod  t .  byd  roprapbic  work  at.    ^ 

Trinidad.  Colo, .  hyd rrjarn pbic  work  at . .     ^ 

I  Trimly  Rivt-r,  Tt'X.  TiiL'jtsiironiDiiU  Lif         Z] 

I  Trill' kee  n  i  V IT .  Xt* V  .  Ill i^Jisii rti mf  o  ^-5  n| .  IZil^^ 

Trunk    Butt^*    Creiik^    NVbr.^    lu'.su^ure 

luents  of    ,.    ... ,.,..  li^' 

Tucka-s<'^et^  FliT^or.  S.  C  iiiofit^nr+^mi^Ei:- 

of , ,.....,, IfjM'i* 

j         ratiucj  iftblu  for  .,.,,.... ,    .      tV' 

:  Torkpr,  i.^r'.'c  .  byJroi^ra^ih^i^  work  at  ii^' 

Tut;ftliio  KiviT.  h.C.piniuv^Tirt'rrjeur^  nf    ','S  \'^ 

rj4tiij|LjlftMo  fitr  . ..       . ..      ..    ..     (^J 

Tuin  Jiivcr,  (.'[il,  uit*fv^uivijji>Qt'*'tf   .  ^»^ 

TuolutiitJD   RiTrLTf    f*iLl.,    iii0itii^ir*'[isi'r.l* 

of  ...,,, ,. _..  ,  ^4J^3*\ii; 

rutint;^ t^blt*  fur.,.. ..... ..».„„,     lin 

Tiirkty  C"rt«t*k,  Xebr..  nie^t¥nrfni.»iii»t-f  **' 
I  Tti.sctili'HT^,    Ala.»    liyilrinkSTrtpliii'    vr^Tk 

fti  ., ,... ,  i>'*r.; 

Twiu  Lfike^f^  Colo.*  Iiydn^grrtpbic   ^*ork 

ikf  .    . ,....,..,,  'J^*-S 

T><ordbls\  AK'S,  11  .nU  liy    ,,.,....,.      S- 

I 

Til  1 1  a .  U  Ui  li ,  hyd  rLi^ratp  h  3  c-  w  or  k  -it  :  I"  ->^ 
Uiu  1 11  R  i  vcr .  V  tab .  mf.^a!!iu  n.*iji  niiti*  *  if      is*^  >'. 

Umntilla    Rit-t^r,    On>»jr-.    moa^tin'^ment.^ 
of . , ,  —  . , ..........  ,iT*:;-J^ 

raLliii^  T;i tale  for...  _. . iH 

Umwrnjialigrre    River.    Colo.,    ta&*sur»* 

mcnt^of .,...,..._..._...,,.._  :5»i-i*T 

TjftiiUK'  tjibk^  for ^ t,^! 

V TitN  w  "^  '^  i!v.  ,\i:i  '^TQw^taphi  c  wof  k  at    l(l>^  ifii 
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Union  Gap,  Wash.,  hydrofirraphic  work 

at 373-074 

Upper  Holcomb,GaL,  rainfall  at 438 

Utah,  hydrographic  work  in 1»-10, 

288-283. 334-348 
Utah  Connty.    Utah,   stream   measnre- 

mentsin 340-341  ; 

Utah  Lake,  Utah,  measurements  of 339-341  | 

Uva.  Wyo.,  hydrographic  work  at 21f^217 

Uvalde,  Ter„  hydrographic  work  at...  27ft-277 

V. 

Valentin*.',  Xobr.,  hydrographic  work  at 

and  near 213. 4,19, 410 

Verd«.' River.  Ariz.,  measurements  of 322, 

:{2:v:i24 
Verdigrii*    River.  Kans.,  measurements 

of 2t>r)  200  . 

rat iii;<  table  for V*)  [ 

Victor.  Cal.,  hydrographic  work  at 4<><-4(X» 

Virginia,  hydrn^aphic  work  in nM»<i, 

y:>-&I.Mor-l(UM»il-l»i2 

Vi'tta,  Nov..  liydroijTaphic  work  at :{ll  -.'512 

Von  Schr.n,  H..  e-iti'd    178 

W. 

Waco,  Tex.,  hydrographic  work  at 272 

Walker,  Elton D.,ackDowle<lgmcnt8 to...  55,.j<)  , 
Walla  walla  River,  Wash.,  measurements 

of 375-376  . 

War  bonnet  Creek,  Nebr.,  measurements  ' 

of 440 

Ware,  William  J.,  acknowledgments  to. .       10 

work  of 3KJ.3P4.385.:3W5.3S7 

Warm  Creek,  Cal.,  measurements  of 4i3, 

424,42r>,434-4X> 
Warmsprings,  Cal.,  hydrographic  work 

at 41«-420 

Warren.  A.  K.,  aid  by 4<k>  i 

Warrensburg.  X.  Y.,  hydrographic  work 

at ^^-24   I 

Washington,  hydrographic  work  in     .  3»j')-3rtl, 
370-370. 3M-;Ji<7 
Wa«hi*ji   River,   Ind.   T..   iiK-iisurements 

of 27i>-271 

WfttertM*  River, S.C.,nicar*urements  of...  12:} 
Waterlrjo, S.C-.hydr<);i^rai»hi<;  work  at..  120  127 
Watertown,  N.  Y..  hydroirr:ij)hir  work 

at 2}-24,r.*l-10.{ 

Waterville.  Me.. hy«lroi:rai>hif  wi.trk  at. . .  2.'>-2»l 
Wat^-rWUe,  Ohio,  hvfln  -^'raphif'  work  at  17.v  17'.i   ' 
Wauneta.  Xebr.. stream m"a-iirement  at.      4^Jt« 
We)x»r  River.  Utah,  measunjinents  of.  :r>7-''i>> 

ratiujj  tabln  for 4vi 

Weems.  H.S..  aokno\v^^dgments  to  14.'» 

Wei^er,  Idaho,  hyilros'raphu:  work  at..  3.V.*  .'WJ 
Wei.vr  River.  Idaho,  measurement'*  of.  35l»-.'W» 

rating  tabh?  for 4.'>4 

Welch,  H.  II.,  aid  by 107 

Weldon,  Cal..  rainfall  near 43^  : 

Weldon,  N.  C. ,  stream  measurements  at .  Vti< 
West  Ash  Creek,  Nebr  ,  measurement  of.  iVi 
West  Canada  Creek,  N.  Y.,  hydrography 

of 49-50 

measnrements  of 23-34,50 


I  Page. 
West   Gallatin   River,   Mont,  measure- 
ments of  195-196 

rating  table  for 446 

West  Middle  Creek,  Nebr.,  measurement 

of 440 

West    Point,   Ga.,   hydrographic    work 

at 141,142-143 

West   Twin   Creek,  Cal.,   measurement 

of  432,436 

West  Virginia,  hydrographic  work  in..  84-85, 
90-91,100-101,163-165 
Wetumpka,  Ala.,  hydrographic  work  at.  153 
White  River,  Nebr.,  measurements  of. ..  440 
White  River,  Wash.,  measurements  of.  381-382 

rating  table  for 455 

White  Clay  Creek,  Nebr.,  measurement 

of 440 

Whitero<:ks,   Utah,   hydrographic    work 

near 288-290 

Whiterocks  River,  Utah,  mea.suroments 

<'f 289-290 

Whitt'water  River.  Cal.,  measurement  of .      436 
Whitman.    Wa.*?h.,    hydrographic    work 

at 37r)-376 

Whitney.  Nebr..  .stream  mea.«(urement  at.      440 

Wiley,  A.  J.,  aid  by 350 

Wilkesbarre,  Pa.,  hydrographic  work  at.  75-77 

Wil kins,  George  S.,  aid  by 156 

Williams,  Ira  T.,  aid  by 196 

Williams,  R.  H.,  aid  by 110 

Willis,  R.  H.,  work  of 218,230 

Wissahickon  Creek,  Pa  ,  measurements  of       74 

Wood  Creek,  N.  Y.,  measurements  of 23-24 

Wcxxlbury,  Ga. .  stream  measurements  at      138 
Wooden  Spring  Branch,  Nebr.,  measure- 
ments if  440 

Wooils    I.,anding,    Wyo.,    hydrographic 

work  at 214-216 

Woodstock,  Md.,  hydrographic  work  at. .       83 
Wyoming,  cost  of  hydrographic  work  in .       14 

hydrographic  work  in 211-213, 

214  -  21 K,  28«V-  2S8,  '.WJ-  350 

Y. 

Yadkin  Rivi?r,  N.  C  ,  mi-a.^urementa  of.  110  119 
rating  tables  for 

atNor\V(XMl,  N.  C 443 

at  Sali.sl)!!!-)-,  N.  C 443 

Yakima    River,    Wa-^h.,    meiwurements 

of 373-375 

rating  tabK'><  for. 

at  Kiona,  Wash 454 

at  Union  Gap,  Wash 454 

Yoates.  W.  .S.,  acknowledgments  to 10 

Yellow  River.  Ga  .  measurements  of . . .  134-135 

rating  table  for 444 

Yellow  Jacket  Creek.  Ga.,  measurement 

of 141 

Yellowstone     River.     Mont.,     measure- 
ments of  210-211 

Yosemite.Cal.,  rainfall  at  438 

Youghiogheny  River,  measurements  of. .      1<50 

rating  table  for 445 

Youngblood,J.  M.,aidby.  130 

Yuma,  Ariz.,  hydrographic  work  at 324-325 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Division  of  1Iydro(;raphy, 
Washiufjfou,  Septnnher20^  1900. 

Sir:  I  have  the  honor  to  transinit  hcM-ewith  xi  luamiseript  prepared 
y  Prof.  Thomas  U.  Taylor,  of  the  rniversity  of  Texas,  ui)on  the 
lUstin  dam,  for  publication  in  the  series  of  pai)ei's  upon  water  supply 
nd  irrigation.  This  n»lates  to  a  project,  which  in  many  ways  is  of 
reat  interest  to  engint^^rs,  investors,  and  citizens  having  to  do  with 
ater-power  and  irrigation  proj<»cts.  ThiM*(»  are  many  useful  lessons 
)  be  drawn  from  the  history  of  such  an  enterprise,  for  it  often 
appens  that  failure  is  mon^  instru(*tive  than  success.  Throughout 
le  United  States  many  communities  are  now  discussing  the  utiliza- 
on  of  water  power  for  irrigation  or  other  industrial  purposes,  and 
ley  may  be  saved  from  mistakes  or  be  led  to  adopt  precautionary 
leasures  by  a  clear  understanding  of  the  causes  of  the  disasters  which 
ave  occurred  from  the  neglect  of  certain  precautions. 

In  this  i)ax)er  the  author  describes  the  preliminary  projects,  the 
>nstmction  of  the  dam,  the  difficulties  encountered,  the  silting  up 
I  the  storage  re8er\'oir,  and,  finally,  the  failure  of  the  structure 
Qd  the  probable  causes  which  led  to  the  catastrophe.  The  attempt 
,  made  to  present  these  facts  from  the  engineering  standx)oint  and 
itbout  unduly  reflecting  upon  the  motives  or  characteristics  of  the 
idividuals  concerne<l.  The  object  is  simply  to  state  the  facts  as 
ley  are  understooil,  so  that  tlu»y  may  b<»  available  to  pei-sons  who  ai^e 
iterested  in  projects  of  this  character. 

The  necessity  of  wat<»r  cons<M'vation  is  so  great  and  public  appre- 
iation  of  the  matter  has  n^aclK^l  such  a  i)oint  tliat  the  construction 
I  large  dams  will  undoubt<'dly  l>e  entered  uix)n  in  various  parts  of 
le  country,  notably  in  the  arid  region  of  the  West.  Th(»n»  aiv  many 
laces  where  such  struct un*s  will  without  doubt  1m»  successful,  and 
lere  are  other  cases  where  the  situation  must  be  studied  with  ex- 
reme  care  and  where  gn»at  caution  must  be  exercisi^l  in  the  prepa- 
Ektion  of  plans  and  in  the  selection  of  locations.  The  attitude  most 
>  be  feared  is  that  sometimes  adopted  by  a  community  where,  after 
iscussing  the  benefits  of  water  conservation,  the  public  as  a  whole 
ecomes  convinced  of  its  importance,  and  in  a  condition  of  excitement 
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seajs  tefgia  debu,  aftnuUy  m  the  fonn  of  bondB,  la  pnsb  forw^  ^ 
[>tiie  project  not  stifncHently  matured.  The  eagem^  to  atlain 
salts  kadii  lb*?  fMM>pte  t|>di8regaT^  or  pass  lightly  over  the  warnings 
the  eEgiin?em  or  thvir  reqaeisUi  to  be  gi^en  fttifficieut  time  to 
aoroughly  work  up  all  of  the  preliminary  inforniatioa-  The  public 
ippUiidti  the  fif^ntiment  of  building  the  stmeture  first  and  making 
Jicf  jibiufi  afterwania,  forgettiuiJ  that  the  fitrueturt^  is  to  last  an  iudefi- 
time,  and  tbat  a  ftUght  terror  at  the  outlet,  due  to  lack  of  kuowl- 
iiiay  subjoet  the  eommunity  to  enoimouis  and  useless  expendi- 
tures of  money  or  re«iult  in  lose  of  property  and  Ufe.  This  is  not  an 
iini4cbuiry  <^ondition,  for  at  the  present  time  several  cities  or  eountice 
gpt  ihty  West  are  in  the  pee  it  ion  in  which  the  eity  of  Austin  wasal 
[le  time  of  the  adoption  of  the  water-power  project.  They  are  nr^- 
ag  immt^dLHte  eoti»triiction  in  ortler  to  reap  the  benefit  during  this 
Ime  of  dnjughtf  iind  are  inclined  to  treat  with  disdain  any  intlma- 
ion  that  their  knowledge  of  the  water  supply,  of  the  amount  of  silt 
[)roaglit  doiftTi  by  tht*  stream,  and  of  the  cliaraeter  of  the  foundatioQ  of 
the  dam  is  too  vague  to  justify  the  incurreuee  of  an  enormous  debt. 
It  la  for  these  reasons  that  this  paper  is  offered  for  publSeatioo.  It 
ill  servo  to  answer  many  of  the  inquiries  made  from  various  parts 
Elf  the  eonntry  and  to  emphasize  the  imix>rtauee  and  practical  appli- 
*tion  of  the  work  of  this  division  of  the  United  States  Geological  J 
Survey,  ^^^^ 

Verj'  respectfully,  ^^^^      F*  H,  Nkwell,  , 

SydroijrapJier  in  Charge.      1 
Hon.  Charles  D.  Walcott,  1 

Director  United  States  Geological  JSu7n'ey. 


/;.      VIEW    OF    DAVi  LOOKING    WEST    FWOM    POA'ER    m  r- Li  S  E 


THE  AUSTIN  DAM. 


By  Thomas  L'.  Taylor. 


IXTRODUCTIOX. 

Anstin,  the  capital  city  of  tlio  Stato  of  Texas,  is  situated  on  Colo- 
rado River,  about  2r)0  miles  from  its  mouth  at  the  Gulf  of  Mexico, 
rhe  drainage  area  of  this  river  alwve  the  city  is  37,(mu>  squai*e  miles.* 
The  position  of  the  city  of  Austin  witli  relation  to  the  watershed 
is  shown  in  fijj^.  1.  This  watershed  extends  from  relatively  humid 
regions  in  the  vicinity  of  Austin  westerly  into  the  subhunnd  or  semi- 
irid  Stakeil  Plains.  From  l.s5«;  to  18S1  an<l  from  188')  to  18'J'J,  inclu- 
live,  a  period  of  forty-one  years,  the  rainfall  at  Austin  averaged  32.52 
nches,  as  is  shown  by  the  ta])le  on  page  32.  The  rainfall  over  the 
mtire  watershed  may  be  assumed  to  be  about  two-thirds  of  this,  or 
ipproximately  20  inches  annually. 

A  water  power  was  created  on  Colorado  River  a  short,  distance  al>ove 
-he  city  of  Austin,  as  related  in  the  following  pages.  After  the  dam 
was  completed  the  proje<'t  was  found  to  be  only  partially  successful, 
18  the  amount  of  water  in  Colorado  River  fell  far  short,  of  the  original 
iredictions.  There  was  at  the  inception  a  laek  of  hydrographic  knowl- 
^ge,  especially  in  regard  to  the  minimum  flow  of  the  river,  and  other 
nformation,  now  known  to  lx>  vital  to  th(»  proper  location  of  the  dam, 
ras  not  obtaine<l.  Finally,  during  the  great  fhnMl  (»f  April  7,  IIKX), 
he  dam  was  <lestroyed,  with  great  loss  of  life  and  property. 

From  measurements  taken  in  Man^h,  ix'jn,  it  was  ron(*luded  that 
he  minimum  flow  of  Colorado  Kiver  was  Ijnui  cubie  f«'et  per  see<md. 
Jpon  this  bsisis,  and  upon  Ili<-  assumption  that  this  minimum  flow 
rould  ])e  held  back  nights  and  Sundays  ainl  utilized  only  sixty  hours 
I  week,  it  was  concluded  that  the  tl<»w  over  Ww  Ausiin  dam  would 
levelop  more  than  14,'"k»  horsepow<M*.  Thr  city's  demands  were 
)laced  at  2,<h)()  horsepow^^r,  an<l  it  was  the  intention  to  sell  to  manu- 
'acturers  the  surplus  of  1*J,(mm)  horsej)ower. 

On  May  2S,  ISIm;,  when  power  was  being  furnished  f(»r  pumping, 
:or  city  light  in;:,  and   for  city  motors,  the  lev(*l  of  Lake  McDonald 

«The  Colorado  River  of  TexaH  «houM  nol  Ijo  «'onfuHed  with  the  t'olonwlo  Rivor  of  tho  West, 
rhich  is  formed  by  tho  Junction  of  thi>  Gmml  an<l  4TnH>n  rivers  in  fjistorn  Utah,  tiows  atmtherly 
hvoagh  glgBUtic  caayoiui,  and  finally  empties  into  the  (ialf  of  California. 
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gftitir  below  flHRst  ot  the  dam  and  remained  below  natil  July  u 
nMliiiig  its  muumum  (5.7  feet  below  the  crest)  on  July  1.  Ilwifl 
Iftkfj  billow  the  cregt  from  August  fi  to  August  25  and  from  September 
10  to  Sept^iubfir  22,  Thh*  condition  was  fiufficient  evidence  thiit  th« 
lnuoiniuin  flow  eould  not  fnraish  even  ^00  horsepower,  while  5,^ 
liorstipower  had  Ijeen  count^Mi  upon.  It  was  apparent  that  mucl!  of 
the  inflow  yvm  lost  by  evaporation,  the  area  exposed  to  evaporation 
ibeing  3  Hquan?  miles  and  the  low  level  occurring  during  the  holiest 
part  of  the  summer* 

Notwithstanding  thiit  evidence  that  the  river  conld  not,  during  cer- 
tain i^ejiHons,  furnish  power  for  its  existing  load  of  water,  lights,  Rud 
niotofH,  tmrly  in  1897  the  Rapid  Transit  Street  Railway  and  the 
l>ani  nnd  Suburban  Railway  were  added  to  the  list  of  power  cm- 
enmera*     After  that  the  energy  developed  by  the  water  power  was 
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utilized  {1)  ill  punipinir  wat*^r,  (2)  in  furnisliiug  light,  to  fHty  iuid  M- 
zejis,  (-J)  iji  running'  tij<^  Rapitl  TniuHit  street  Railway,  (4)  in  ruiitiiu^ 
tlh^  Dam  niifi  ^liuburliiiri  Hrtilway;  and  (5)  in  niniiing  the  motors  ^^ 
various  users  of  powc^r  in  thi*  city^such  as  for  plniitMs.  printing 
pri'f^srs,  iy\i\  T<i  su[iplynllof  thusi*  demands  n.Miuirtxl  a  lotal  avt^rai,'*' 
of  1,000  horsepower. 

On  July  4,  181^7,  the  water  again  dropped  below^  the  crest  m'  the 
dam,  but  it  flowed  over  again  on  July  17.  It  was  also  below  a  tVw 
days  in  August,  October,  and  November,  and  the  whole  of  DecemlnT. 
On  January  I,  1898,  the  water  was  2.3  feet  below  the  crest,  and  it  <iid 
not  again  flow  over  until  April  13.  The  lake  level  was  below  iIk*  civst 
part  of  tlie  months  of  August  and  8ei)temlK^r,  and  it  again  droppHl 
below  on  October  10  and  continued  below  until  April  20,  18l»i*,  reach- 
ing a  depth  of  10.68  feet  Ix^low  crest  on  March  29.  From  March  b'ito 
April  17  it  was  more  than  10  feet  Iwlow  the  crest.     It  again  dropped 
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lelow  the  crest  on  August  9,  and  remained  below  until  October  29, 
eaching  a  maximum  of  10.45  feet  below  on  October  3.  Thus  during 
he  year  1899  the  water  was  below  the  crest  of  the  dam  one  hundred 
jid  ninety-one  days,  during  seventy  of  which  the  lake  level  was  more 
han  10  feet  below  the  crest,  and  during  one  hundred  and  sixty-seven 
t  was  more  than  5  feet  l>elow.  The  evidence  was  abundant  and  unmis- 
akablo  that  tlie  flow  was  not  suffiriont  to  carr>'  the  city  wator  supply, 
he  street  lighting,  tlu*  stn»et-car  systems,  and  the  motors  used  in  the 
rity.  Early  in  ISftlt  nieasureni<Mits  were  made  at  tho  head  of  the  lake, 
It  Marble  Falls,  at  the  forelmy,  at  the  tailrace,  and  at  the  station 
lelow  the  railroad  bridge.  These  measurements  showed  conclusively 
diat  the  luinimum  flow  was  less  than  2tH)  s4MV)nd-feet.  One  second- 
toot,  witli  an  assumed  efT«*ctive  head  of  o7.5  ffH»t  and  a  machinery 
afficiency  of  so  j^t  cent,  would  develop  .5.2i?7  horsi^power,  showing 
that  an  avera^xe  minimum  flow  of  TJi  seeond-feet  wouhl  bo  required 
loproduei*  ljMK»horsrpow«»r.  not  taking  into  account  evaporation  and 
the  leaks  throujrh  th«*  h«'ad-irat«*  masonry  (^'spring''),  which  would 
increase  tli«-  amount.  A^ain,  when  the  lake  level  fell  more  water 
"Would  ]>e  iiMiuinMl  to  <lfV«4op  the  same  i)ower.  When  the  level  was  10 
leetlxdow  the  top,  1  s^'cond-foot  wr»uld  develop  only  4.3  horsepower; 
and  it  is  highly  probable  that  the  efficiency  of  the  machinery  was  not 
as  high  as  80  per  cent. 

The  result  was  that  the  enterprise  proved  disappointing  to  a  large 
proportion  of  the  citizens.  It  is  true  that  it  had  long  been  before  the 
people,  in  an  indeflnite  way,  but  there  was  not  sufficient  data  at  hand 
to  make  the  results  certain.  The  watershed  and  rainfall  were  rather 
accurately  ascertained;  but  the  keystone  of  the  whole  project,  the 
Uggest  and  controlling  factor,  the  verj'  life  blood  of  the  system, 
namely,  the  minimum  flow  of  the  river,  was  overestimated.  The 
feasibility  of  the  enterprise  had  been  demon.strated  more  than  ten 
years  licfore,  and  during  the  interval  accurate  and  ndiable  data  could 
luive  l>een  obtaine^l  and  th«»  minimum  flow  ascertained  with  accuracy. 
Gage  heights,  rating  tables,  and  flow  curves  could  have  l>een  obtained 
for  one-tenth  of  one  jht  e«*nt  of  the  outlay. 

It  was  found  that  the  minimum  flow  could  be  relied  upon  to  furnish 
Water  and  lights  for  the  <*itiz<Mis  and  very  little  more.  It  was  of  great 
^alue  to  the  city,  from  a  siinitary  point  of  view,  that  there  was  during 
*ll  these  years  a  private  water  company,  whose  plant  was  operated  by 
iteam,  supplying  wat«*r  and  lights  to  the  citizens. 

The  history  of  this  dam  is  unique  in  one  respt»ct,  and  that  is  in  the 
lumber  of  engim^Ts  coniie<-ted  with  it.  Early  in  1802  Mr.  Joseph  P. 
?rizell  resigned,  it  is  ass<,*rt(.Ml,  by  reason  of  the  fact  that  he  was  ham- 
mered in  his  work  by  the  city  authorities.  Other  engineers  resigned 
or  similar  causes,  and  at  one  time  a  contractor  in  charge  was  ordered 
o  follow  the  instructions  of  a  city  official  who  was  not  an  engineer, 
rhis  i>eculiar  method  of  conducting  a  great  public  work  called  forth 
evere  aritiaisms  from  engineering  journals. 


I    12         ^^^^P  THS  AliSTOf   DJUi*  ^^^ 

I      The  failttre  of  die  dam  to  sieel  ejq^ect&liOQi  and  it«  Cailiinft  atr 

I  tttrally  were  doo  to —  , 

I      (1)  Thct  lack  of  hydrografdife  knowl^f^H,  attsliig  (o)  att  ever 

I  mmU^  i>r  till?  mtnlfDUfu  flow,  and  (&)  an  undat^a&titoate  of  tJi«  eff^&eljf 

pyaporation. 

F     (2)  Tills  hniripoHiig  of  the  engt&eers  of  eoimtnieiloii, 

I      iZ)  TU^  ignoring  of  gooLf:^i€  fonaAliouB. 

I  PRELIJQNAllY  PROJECTS. 

I  Tvixan  li^am^  aa  mdepeodeat  Republic!  iti  183^,  and  a  few ; 
I  latar  a  eommlHsinn  was  appoititaci  to  eonMidi^r  the  f|aesttoa  of  locatleg 
I  th<i  *'iipiUil.  Ill  t.lieir  rt^port  thi\v  referred  to  the  po^ibility  of  dewl* 
I  opiiig  thi^  waU*r  piiwiif  of  Colo  fad  o  Rivar  at  AaiitiQ. 
I  Kothirig  WHH  clonus,  however,  until  Iti  1871,  when  Mayor  Gleiui  bad 
Lfltrv^iTi^  made  by  tho  city  engineer  It  was  the  pUiti  iit  that  timtto 
Rionvey  tho  waU^m  of  the  Colorado,  by  a  canali  fn>m  a  |iaiiii  mm 
[  Mount  Bonnel  to  Shoal  Creek^  for  city  and  manufactQriag  pniposet^ 
I  In  1873  a  charter  was  granted  to  eertain  parties,  some  of  whdm  Aiv 
[  still  livlag,  to  erect  a  dam  across  the  Colorado,  but  it  was  allowed  ta 
I  lapse  by  limitation*  fl 

I      The  dr«)aght  of  1877  called  tbe  attention  of  the  public  to  the  [XmIP 
i  bllltleH  of  irrigating  the  lands  on  Colorado  Elver  below  Austin  by 
I  meaciM  of  a  dam  erected  near  the  elty, 

[       During  Governor  Roberts's  administration   (187&-1883)  estimate 
'   were  made,  with  a  view  to  ljfl:htini?  the  public  buildings,  of  the  cost 
of  erecting  a  dam  across  Colorado  River  at  Bull  Creek. 

In  18S8  the  board  of  trade  had  surveys  made  for  the  purpose  of 
determining  tlie  feasibility  of  damming  the  river,  and  during  the  year 
1880  the  snbjeel  was  kei)t  l)efore  the  people  by  frequent  communica- 
tions in  Ihc  newspapers. 

In  the  latter  part  of  1889,  the  contest  for  mayor  was  largely  fought 
on  the  issue  of  building  a  dam  across  Colorado  River.  The  result  of 
the  election  foreshadowed  early  action  in  regard  to  the  enterprise. 
In  February,  181K),  the  city  council  employed  Mr.  J.  P.  Frizell  to  make 
a  report  upon  tin?  pro[)osed  dam  and  the  necessary  adjuncts.  The 
report  was  submitted  on  March  2(>,  1890,  and  so  completely  does  it  dis- 
cuss the  whole  problem  that  the  portion  which  refers  to  the  project  in 
general  and  th(»  part  which  deals  more  particularly  with  the  dam,  the 
water  power,  and  the  estimated  total  cost,  are  here  quoted,  as  follows: 

The  city  io,  at  present,  supplied  by  a  water  company,  upon  what  is  termed  the 
Holly  system:  that  is,  without  the  use  of  a  reservoir,  the  pressure  in  the  pipes 
being  maintained  by  the  action  of  the  pumps,  which  are  operated  by  steam,  and 
increased  by  an  automatic  device  uiK)n  the  occurrence  of  tires.  The  company 
also  furnishes  power  for  the  electric-light  system  of  the  city.  I  have  not  been  able 
to  obtaiu  any  very  complete  information  in  regard  to  the  extent  and  size  of  the 
present  system  of  pipes.  From  what  I  can  learn  I  judge  that  the  city  is  rapidly 
on^growirjg  the  capacity  ot  the  pipes.  That  by  reason  of  their  small  size,  a  great 
and  increasing  burden  is  laid  upou  the  pxunv^  ^^  'm»;\xv\A\xi  ^^xoaaure  sufl&cient  for 
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omestic  serrioe  in  remote  parts  of  the  system.  A  large  part  of  the  power  of  the 
amps  is  consumed  in  the  friction  of  the  water  in  passing  through  the  pipes:  and 
3  the  city  extends  and  increases,  the  protection  against  fire  is  becoming  more  and 
lore  precarious.  There  is  also  n  very  widespread  impression  prevailing  that  the 
mount  paid  for  water  rates,  fire  service,  and  electric  lighting  is  Buflicient  to  sup- 
ly  the  city  on  a  much  more  ample  and  liberal  scale,  and  at  the  same  time  secure 
icidental  advantages  of  great  value. 
The  project  Ix^fore  the  city  is: 

First.  The  construction  of  a  massive  dam  iicross  the  ( 'olonMlo  to  furnish  i>ower 
>r  pumping,  for  electrir  lighting  and  propelling  street  cars. 
Second.  The  construction  uf  a  reservoir  at  a  height  sufficient  to  maintain  fire 
reasure  in  the  pipes. 

Third.  The  extension  of  the  distributing  system  on  a  scale  of  magnitude  com- 
lensurate  with  the  present  and  prospective  wants  of  the  city. 
Fourth.  As  an  incident  of  the  project  it  Is  expected  that  there  will  remain  a 
irge  surplus  of  iiower  susceptible  of  such  uses  as  will  greatly  promote  the  future 
rosjierity  of  the  city. 

THE   DAM. 

The  Colorado  above  Austin  flows  in  a  deep  cut  or  canyon  worn  in  the  limestone 
ock.  It  is  skirted  by  limestone  bluffs  rising  often  to  the  liei.i<ht  of  150  feet  above 
he  bed  of  the  river,  broken  by  the  erosion  of  tnbut:iry  streams.  No  extensive 
oeadow  or  bottom  lands  exist.  This  situation  permits  the  construction  of  a  high 
lam  with  but  little  damage  to  private  property.  The  river,  in  it  normal  condi- 
ioD,  occupies  but  a  small  part  of  the  channel  in  the  rock,  the  remainder  being 
•ocupied  by  alluvial  deposits  to  the  depth  of  average  high  water.  In  great  floods 
be  river  spreads  from  blnft  to  bluff. 

Sereral  situations  have  been  examined  with  reference  to  the  construction  of  the 
Um.  One  on  Taylor's  lime  chute,  about  3}  miles  from  the  city  limits,  appears 
aost  favorable  to  the  construction  of  the  dam  itself,  but  one  on  the  Brackenridg^ 
property,  about  three-fourths  of  a  mile  nearer  town,  possesses  greater  advantages 
»  regards  the  canal  and  works  appertinent  to  the  water  i)ower.  This  site  has 
3een  selected  for  the  purpose  of  the  estimate. 

The  channel  in  the  rock  is  here  about  1,151)  feet  wide  at  a  height  of  00  feet  above 
^  summer  level  of  the  river.  The  cross  section  of  the  channel  is  not  far  from 
^el  on  the  bottom,  and  is  bounded  by  nearly  pen>endicular  walls  of  rock  rising 
othe  height  of  a  little  over  <»<)  feet  on  the  city  side  of  the  river  and  125  or  more 
•li  the  other  side.  T lie  river  bed  projier  occupies  not  more  than  one-half  of  this 
'^dth,  the  remainder  of  this  ])einj<  alluvial  deposit,  rising  to  the  height  of  40  or  50 
'Bet above  the  river  l)ed.  The  .situation  here  is  admirably  well  8ituate<l  to  the 
fevelopment  of  water  power  by  a  dam  about  r><»  feet  in  height,  tlu*  pori>endicular 
•oeof  rork  rising  to  alK)ut  that  height,  and  th«»nce  re<.*eding  from  the  river  in 
'  gentle  slope,  forming  a  bencli  on  which  the  canal  or  fei'der  could  be  constructed, 
'heallu\ial  strip  of  ground  Ix'tween  the  canal  and  river  furnisliing  sites  for  pump- 
^gand  IK) wer  stations  and  any  other  estublisliments  requiring  l)o\ver.  An  esti- 
mate has  accordingly  lieen  prepared  on  the  Imsis  of  a  <)0-foot  dam. 

Its  crest  will  be  alwut  1 ,15<)  feet  in  l«*ngth  [the  crest  was  n»ally  1,091  feet  long], 
t  is contemplat<Ml  to  make  it  some  Id  feet  thick  at  the  top.  increasing  downward 
ad  s])rea<ling  out  in  a  liroad  toe  or  apron,  to  give  the  water  a  horizontal  direc- 
ion,  making  its  extreme  widtli  at  the  bottom  about  5»)  feet.  The  bo<ly  and 
ipstream  face  of  the  dam  to  l>e  made  of  limestone  rock  abounding  in  the  vicinity, 
be  upstream  face  being  of  quarry-faced  work  with  close  joints.  The  down- 
tream  face  and  toe  are  intended  to  be  of  granite  found  in  abundance  in  Burnet 
kmnty,  split  to  approximately  regular  sha^ie  and  laid  with  but  a  small  amount  of 
Mling.  The  capping  is  of  granite  in  as  large  blocks  as  can  be  handled,  worked 
)  regular  shape.    The  entire  work  to  be  laid  in  hydraulic  cement. 


THE   AUSTIir    DAM. 


lmx,$L 


Tbm  Oolorsdo  at  Aost^n  drams  Bouie  40,(N)0  square  mile«,  axid,  of  cohtb?,  cainm 
fit  ttmo8  an  euoirnoQ.^  flow  of  water.  Th©  higb^at  0(>od  within  the  memorj  of  tin 
people  now  liviuj^  was  Bome  45  feet  abore  low  water,  and  from  the  be9>^t  data  I  can 
pbttuu  the  flow  of  the  fltroftm  waa  some  250,000  cubic  feet  per  i&econd.  This  wodd 
^Icaply  a  dfspth  of  16  feet  on  the  er^st  of  tb€  <Iam,  and  the  abutmeBta  ahonld  oC 
con  rap  go  to  tlyit  height  At  one  end  of  the  dain  the  natiira]  rock  goes  Cai  ibore 
^that  height*  The  other  end  is  occnpied  by  an  ju-tlfii  tal  bntkb@ad^  calted  the 
bunse,  oontaininiE:  tKe  nlnices  for  drawing  off  the  water.  It  is  expected  ihit  t\ 
wtuah  of  the  dam  dmring  floods  will  carry  a  way  the  alluvial  depoail  fof  a  coz>sJd^l 
ble  distance.  The  ^y heels,  for  this  reason ^  mtiat  be  aome  3CH^  or  300  ^artlt  Jrctg 
)  dam,  and  the  oanal  most  have  that  length.  A8  already  stated,  the  foruuuti^ 
Hits  thifi  canal  to  be  excavated  in  rock.  At  the  entrance  to  the  canal  u  i^n] 
%t»  houM  Eluded  to  above.  Its  fnnction  is  to  enable  the  water  to  bd  sbut 
f  the  oa&al  in  case  of  repairs  and  to  prevent  the  canal  from  baln^  overfli>w9<i  iii  < 
time  of  fioodw.  The  water  will  be  drawn  from  the  canal  through  iron  pipt««  J«* 
^the  wheels  fall  into  the  wheel  pita  and  be  diachaxned  throtigh  nndjerground nUM 
oto  the  river* 

WATER   POWER* 

It  remaina  to  consider  the  quantitj  of  water  power  creatad  by  the  pro^NMeJ 

improvement.     This  consiats  of  two  elements,  the  fall,  and  Lho^tumtity  ^f  wa^r 

^available  for  power.     The  former  is  fixed  approximately  by  the  height  of  tM  daio. 

The  latter  can  be  inferred  with  more  or  le^a  certainty  from  known  tmcM.    Itli  Hf^ 

be  lowest  stage  that  the  river  is  ever  known  to  attain  to.     It  ia  th«*  3owof  w^tjss 

Eit  can  be  de^^ended  on,  with  reasonable  certainty,  dnrini^  ordinary  mMOot 

\  of  the  river  above  this  minimnm  count  for  nothing  mileea  steam  ia  nded  ta 

Eiake  np  deflclencies. 

The  river  ia  snbjeet  to  great  rises  m  times  of  heavy  raius.  On  the  cessation  €f 
tthe  ralmi  It  fall  a  rapidly  on  til  it  attains  a  minimnni  Sow,  which  appears  to  resp&m 
Ffiearly  constant.  In  that  condition  no  water  enters  the  stream  from  the  stirfart 
of  the  grotttid.  Its  fJow  m  wholly  miuntuined  Ity  spriDga  ii^uiD^^  from  cavitie?i  in 
the  rock,  itnd  i^  unaffected  by  current  rain  fa  11  until  thtj  latter  btcome-H  sufScient 
to  cause  a  Hi fw  from  the  groutKl  Thin  is  the  present roudition,  aud  1  condade  wa 
^all  not  be  far  wroug  in  takin^^  the  present  lli>w  of  tht'  stream  as  the  ijuaatitj' 
that  can  be  df^pyndid  utujji.  This,  as^  I  have  ascertained  bj' careful measuremuiit, 
is  n^^irly  l.fHMi  cubic  feet  pur  iie<.'oud* 

There  ^vill.  no  dcmbt.  be  times  during  the  hottest  weather  when  the  water  will 
fall  below  this  Btn><e,  on  account  of  iiicioaseci  evaporation.  1  am  tiild,  however, 
that  a  iiioutli  very  rarely  paawos  without  raiua  in  some  part  of  the  drainage  bsisiO, 
snfticient  to  cwu^e  a  slight  rise  at  Austin.  The  threat  estotit  *  >l  the  |>ond  will  euable 
a  considerable  dt-ticienc)'  in  the  How  of  the  stream  to  be  made  good  by  storage . 
From  the  beet  information  1  t^an  f obtain,  the  i>ond  will  extend  some  -'0  to  UlT  miiea 
from  the  ilani,  with  an  averago  width  of  one-nuarterof  a  mile,  containing  a  wawT 
surface  of  some  >^  fltjuare  miles,  and  a  total  volunte  i?f  something  like  i?,;500.0iK),inO 
cubic  feet  of  water.  Shonid  the  i^ow  of  the  strtam  diminish  to  oue-half  tlie  alf '^"f 
quantity,  a  single  foot  in  depih  on  the  pond  will  make  gr.od  the  deSciency  lot  a 
period  of  five  tlaye^  and  0  feet  will  make  it  good  for  thirty  days. 

A  system  of  fla8hl>oard.s  roukl  readily  l>e  applied  to  hold  the  water  4  feet  aboTP 
the  cre^t  of  tbe  dam,  and  thns  hold  tho  suri.tlus  of  wat^^r  in  store  for  sncli  deficien- 
cies, without  drawing  the  pond  below  the  crest  of  the  dam.  This  feature  will  not 
become  necessary  for  several  years,  and  need  not  be  considered  further  at  present. 
Owing  to  the  imperfection  of  mechanism  we  can  not  hope  to  utilize,  for  })ractical 
purposes,  more  than  80  per  cent  of  the  absolute  power  of  the  water.  Moreover,  the 
full  head  of  60  feet  can  not  be  brought  to  act  upon  the  wheels.  Some  part  of  the 
iiead  will  be  consumed  in  tbe  movement  of  the  water  through  the  sluii  e>.  canal, 
penstocks,  and  races.    The  head  -mW  »i^  X^Vcaa^  \i^  x^x^aed  by  high  water  in  the 


COLOGtCAL  SURVFV 


WATER-SUPPLY  PAPER  NO.   40      PL.    Ill 


A.     CLOSING  GAP  IN   DAM. 


Ji.      0AM    NEARING   COMPLETION.  FEBRUARY    1893 


inoB.]  FAKLUmrABT  FBOJXOTB.  16 

ver,  which  rises  more  hdow  the  dam  tiian  above.  I  fheref ore  take  67i  feet  as 
a  head  aotixig  on  the  wheels,  and  assume  that  we  can  utilize  80  per  cent  of  the 
»wer  on  that  head.    This  gives,  for  the  total  amoont  of  power  available  for 

iving  machinery,  ^!:52<^><li5??x0.80=6;827  horsepower, 

rhis  quantity  of  power  eoold  be  famished  constantly,  night  and  day.  This, 
wever,  wonld  not  be  suited  to  the  requirements  of  industry,  which  ordinarily 
Us  for  power  only  during  the  working  hours  of  the  secular  day.  It  is  regarded 
a  great  advantage  in  water  xx>wer  to  be  able  to  hold  back  the  low- water  flow  of 
3  stream  during  nights  and  Sundays  and  use  it  during  the  working  hours.  This 
»  great  extent  of  our  pond  readily  enables  us  to  do.  Concentrating  the  entire 
lekly  flow  of  the  stream  into  the  working  hours  assumed  at  60  per  week,  the 
ove  amount  is  increased  in  the  ratio  of  60  to  168,  giving  as  the  available  power 
686  horsepower. 

rhe  total  permanent  i>ower  of  the  Merrimac  River  at  Lowell,  Massachusetts,  is 
t  over  11,000  horsepower,  on  an  average  during  working  hours.  About  the 
m^  at  Lawrence,  Massachusetts,  and  at  Manchester,  New  Hampshire.  This  is 
e  power  that  can  be  supplied  without  interruption.  At  these  points  the  use  of 
iter  is  not  confined  to  the  minimum  flow  of  the  stream.  It  is  utilized  at  much 
Sher  stages,  in  connection  with  steam,  the  latter  being  called  into  use  when  the 
iw  diminishes.  Of  course  similar  methods  will  prevail  here  as  soon  as  the 
mand  for  power  warrants  their  introduction.  This,  however,  is  too  remote  for 
eaent  consideration. 

It  is  not  easy  to  state  the  rental  received  for  water  power  at  the  great  manu- 
cfcuring  centers  in  New  England,  as  grants  of  water  are  usually  covered  with 
ants  of  land,  the  water  being  regarded  as  an  easement  of  the  land.  A  round 
m  was  paid  for  the  land  and  a  nominal  rent  for  the  water,  whioh  was  intended 
the  fund  for  the  maintenance  of  the  appliances  of  the  water  power.  When 
mufocturers  draw  in  excess  of  their  grant  they  are  charged  all  the  way  from  fB 
tl2  a  day  for  mill  i>ower  for  water  terminable  at  will.  My  opinion  .is  that 
200  per  annum  fairly  represents  the  value  of  a  mill  i>ower.  These  considera* 
OS  are  adverted  to  as  showing  the  great  value  of  the  incidental  benefits  secured 
the  city  by  this  improvement.  The  city*s  requirements  for  pumping  I  put  at 
I  liorsepower  twelve  hours  per  day,  or  720  horsepower  ten  hours  a  day.  Beserv- 
i;  an  equal  quantity  for  electric  lighting,  and  equally  liberal  provision  for  street 
n  and  other  purposes,  there  would  remain  over  12,000  horsei>ower,  or  as  much 
180  mill  powers,  subject  to  such  use  as  the  city  might  deem  conducive  to  its 
Dsperity. 

ESTIMATED  COST. 

Dam  -/. $468,835 

Gate  house 22,950 

Canal 49,750 

Pump  and  powerhouse 8,500 

Wheel  pit 2,123 

Culvert 10,210 

Wheels  and  pumps 16,025 

Filtering  gallery 17,880 

Reservoir 104,615 

Mains 158,800 

Distribution.-  295,250 

Electric  light ^.  45,600 

Add  for  contingencies 118,502 

Add  for  engineering  and  agencies 60,251 

Qxand  total tl,«tt,781 


6  THK   AUSTIK    DAJC. 

On  April  3,  ]if*SK),  riv*'  iKjard  of  public  works  was  erctftt^ed 
juuvil,  to  liavt*  eont  rul  "f  iht*  construetiou  of  the  dam  jiiid  infill 
|<guiiij4h?iM  therewith. 

Th**  <iUe»lioii  of  ij^t^iiiug  wiil-er  and  light  bonds  to  th<?  Bm 

H,44»fU(XW  was  Bnbtnitted  to  th<*  voters  of  the  city  of  Atistin 

J,  IstK),  mid  T*^iiltecl  in  1,354  vot4.*M  in  favor  of  and  50  votes 

til*  i»Hiu^     Tli*^  iMiard  of  puhlie  works  inei  the  next  day  and  m 

Fris5c4l  m  t^hief  angineer  and  Mr.  J.  b\  Pope  as  first  a 

^ni^inwr.     In  or«li:r  to  guard  agaiiifit  |)ossiV>li>  ermni,  and  to  h 

Fsdvanlage  of  tht^  j<kill  and  experionco  of  othor  experts,  M 

Bogart^  of  Nisw  York,  was  employe<l  as  congulimg  eii^tieer.ta  < 

tbe  Hit'e  and  the  ptnns  and  spoclficatioiis  of  Mr,  Fri?.oll.     I 


Fh;.  2.— ludox  maj)  of  linoH  of  sounding.s  across  Lake  McDonald,  abovo  Austin, Texaa 
is  the  broadened  portion  of  Colorado  River,  extending  from  sounding  0.00  fo  souz 
created  by  the  building  of  thn  dam. 

extended  examination  Mr.  lio^art  made  a  written  report  to  th 
in  wliich  he  state^l  that  after  eonsiderable  study  he  was  of  the 
that  the  site  selected  l)y  Mr.  Frizell  was  the  best  place  for  the 
of  the  dam.     In  regard  to  the  cross  section  and  shape  of  the  c 
Bogart  said : 

Ample  precedents  exist  for  the  determination  of  the  best  lines  of  pr 
methods  of  construction  for  such  a  dam.  It  will  be  one  of  the  high  dams 
not  be  among  those  very  high  structures  which  sometimes  excite  doubt  a 
permanent  stability.  To  provide  for  the  possible  height  of  spring  or  t^th 
the  whole  crest  of  the  dam  will  be  forni»*d  so  that  the  water  may  tiow  ov 
the  downstream  face  will  be  built  in  such  a  manner  and  to  such  lines  an 
as  will  tend  to  conduct  the  overflow  to  the  lower  river  without  dama^ 
stability  of  the  structure.     It  is  estimated  that  the  highest  flood  as  to  'w 
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afoniMitkni  can  be  oliteiiied  ndglit  give  a  depth  of  water  of  15  or  16  feel  over  the 
sreet  for  a  abort  time.  Snch  a  poesible  flow  will  be  provided  for  in  the  conetmo* 
don  of  the  dam.  The  exact  linee  of  the  profile  and  the  detail  method  of  oonetnio* 
don  are  now  being  determined  in  conmiltation  with  Mr.  FriielL 

During  the  summer  of  1890  engineers  were  put  in  the  field  to  locate 
the  lake-level  contours  and  to  determine  the  amount  of  val\able  land 
submerged.  These  engineers  took  cross  sections  of  the  river  at  six- 
teen stations,  thus  enabling  comparisons  to  be  made,  which  was  done 
by  the  writer  in  May,  1897,  and  in  January,  1900.  The  accuracy  of 
the  work  under  the  supervision  of  Mr.  Pope  was  verified  by  the  fact 
that  at  the  head  of  the  lake,  at  the  request  of  a  farmer  living  near, 
he  cut  a  bench  mark,  on  a  big  pecan  tree,  at  the  crest  level.  Three 
years  later  the  water,  when  it  rose  to  the  crest  of  the  dam,  reached 
the  notch  with  exactness.  Cross  sections  of  the  lake  are  shown  in 
Itg.  6;  a  general  map  of  the  lake  is  shown  in  fig.  2. 

CONSTKirCTION  OF  DAM. 

On  October  15,  1890,  the  contract  for  the  construction  of  the  dam 
Wbs  awarded  to  the  lowest  of  seven  bidders,  Mr.  Bernard  Corrigan, 
If  Kansas  City,  Missouri,  whose  figures  were  $501,150.  llie  contract 
^as  based  upon  the  following  specifications: 

BOCK  KXCAVATIOir. 

12*  On  the  site  of  the  dam  all  nnsoond  rock  and  all  rook  that  can  be  removed 
^tbOQt  blasting  will  be  taken  off.  A  trench  4  feet  wide  and  aa  deep  aa  may  be 
izeeted  by  the  engineer  will  be  excavated  along  the  npetream  face  of  the  dam. 
^vnchee,  footings,  steps,  channels,  and  other  ezcavationB  will  be  cut  in  the  bot> 
Dm  and  sides  of  the  rock  in  soch  forms  and  to  snch  lines  as  may  be  directed  l^ 
lie  engineer.  In  these  excavations  the  kind  of  exploeive  nsed,  the  amonnt  of  the 
barges,  depth  and  direction  of  the  holes,  and  the  entire  process  of  the  work  shall 
tt  under  the  immediate  personal  control  of  the  engineer  or  his  assistant,  the 
bfject  being  to  do  the  work  in  snch  a  manner  aa  to  avoid  fissures  and  shakes  in 
lae  remaining  rock.  All  cracks  and  fissures  that  may  exist  naturally  or  from  any 
^nae  shall  be  thoroughly  filled  with  cement  mortar  or  concrete  or  pure  cement, 
m  may  in  each  case  be  directed  by  the  engineer. 

18.  The  linee  and  grades  of  the  canal  will  be  established  by  the  engineer,  and  no 
iBcavation  below  the  grade  or  bottom  or  outside  the  lines  will  be  paid  for;  but 
Kach  excavation  will  be  permitted,  under  the  direction  of  the  engineer,  for  the 
^azpose  of  obtaining  rock  for  the  dam. 

14.  Any  rock  obtained  from  these  excavations  that  tho  engineer  may  deem  snit- 
ble  may  be  used  in  the  rubble  masonry  of  the  daiii.  Rock  not  suited  for  this 
'Drpose  will  be  disposed  of  as  the  engineer  may  direct — in  8x>oil  bank,  riprap,  fill- 
ip of  cribs,  or  otherwise— not  involving  a  haul  of  more  than  500  yards.  The  price 
^  rock  excavation  will  include  and  cover  the  cost  of  all  the  explosives,  tools,  der- 
li^ka,  tackle,  machinery,  teams,  vehicles,  tramways,  stringers,  bridges,  boats  and 
tipliancesf  materials,  and  labor  used  in  the  excavation  of  the  work.  All  rock  will 
^  measured  in  excavation. 

MASONRY. 

15.  The  upstream  face  of  the  dam  will  be  laid  of  granite.*    It  must  be  sound, 


«Tbe  o«<atBs1  wgmr^nrmtUwm  esOMt  for  fosrillfarawllmartoMfor  ftenpsferaun  ftMS,biit  liids 
»^ve  alao  rscslva  for  gnatls,  wUeh  imtertel  was  adopted.   Tbs  detefls  bars  givm  aie 


TSU   AU8TW   DAH. 

^fgOPManm^eraidBi,  and ahafcaR,  Ite  stoaas  wil]  belaid  on  ttnetrqnairfbedi 
In  n^gulftT  aoQFwm,  w>  ooat«^  to  be  k«  thmn  12  inches  In  height*  Emh  toxmt 
^hidl  be  composed  of  bc^ilen  mod  ntrfMim%  mad  &t  lemst  ooe-thiid  of  tlie  £ue 
leo^  of  ea^i^  ccmrtm  ahall  be  headers.  The  beadera  and  stx^itch^B  aluJl  be  ccgn- 
tarly  diambcited  hi  ai^b  coarse,  wo  Umt  tbe  beaders  ^hall  Rltertiate  in  pomtioo  in 
the  adjtioent  coiif««s  aod  »o  that  each  atone  &baU  break  bond  not  leai  tban  12 
fii^iea  witb  tfaa  vtone  abow  and  below,  A  famtit  or  plao  of  eacb  ooune  will  b? 
pvapand  and  aobtnitled  to  ttie  en^n^r  before  the  stonee  are  iJiid  aod«  if  apffnired 
1|^  jhlm,  win  be  Q^iecl  for  tbe  ipiidaiice  of  workmen  m  layis£^  the  etoziQ«.  TbiA  wilt 
l)#  qoarry^f aced  work.  Kach  itooe  will  hare  a  distiocrt  pitch  lino  aQ  arofnid  tbe 
tilGeu  The  bed  ami  build  jointe  will  ]«  fine  pointed  P^  a  fair,  ttne  ^Tirface.  oat  of 
wind,  9  Wbee  beck  from  the  pitch  line.  The  remainiler  of  the  l>ed  and  bmM 
ymnU  to  be  pom  led,  eo  as  not  to  project  beyond  the  plane  of  the  fair^  ttne  anrfwi 
and  not  to  fall  away  thetefrom  more  than  1  ^  ancheB,  The  widtii  of  the  itretx^hffi 
on  tbeir  beds  will  mot  be  lees  than  their  hcd^bt.  No  stretcher  will  be  leea  thsa 
3  feet  in  length*  Tbe  beadetB  will  not  be  less  than  30  inches  on  the  face  nor  Im 
^laa  4  feet  in  length.  Thia  work  will  be  laid  with  full  tnortar  jcdnte  od  the  bedt. 
The  mortar  will  be  preeaed  or  temijod  ioto  the  bnild  joints  with  a  proper  tooL 
Alter  the  work  is  laid  the  mortar  will  be  raked  out  of  all  tbe  expoeed  jointi  toi 
depth  of  li  incb^,  and  theee  joints  will  be  pointed  witb  mortar  of  neat  cemait 
preieed  in  and  rnbbetl  hard* 

If}.  In  measnriiig  tbie  work,  tbe  headers  will  be  accocmted  4  feet  long,  Hki 
width  of  each  stretcher  will  be  considered  eqnal  to  ft«  height  No  atone  oi  Ifltf 
dimenaioii  will  be  laid.  If  etone&  are  laid  exceeding  theee  dimensions  the  exeetf 
will  l>e  paid  for  ae  robble  Mliiij^, 
I  17,  The  downstream  face  of  the  dam  ia  to  be  Laid  with  granite  of  good  qtialit^i 
'  sound  and  free  from  imperfeotioiia.  It  will  be  laid  in  regnlar  coorMi;  no  conr^ 
to  bf>  le^R  than  VZ  nor  over  30  inches  high*  Eacb  eonrse  shall  be  composed  of 
headers  and  stretchers,  and  at  least  one-third  of  the  face  length  of  each  oonrK 
shiill  be  headers.  The  headers  and  etret<:herB  to  be  rejrnlarly  distribnted  in  escb 
ctjnr?^?.  ii**  that  ib^^  bejidrrw  sluiil  ;dteruiite  in  position  in  the  aJjacetit  conn^+s.  auJ 
Hu  tbuT  no  str»:jr  Hh  ill  hr^ak  bnnil  \^'s>  tlji^n  I'Mtichps  witb  tht- j^toih:' al -^^v^' ;itii 
below.  The  stietch»T8  to  be  as  wi<le  as  hicjh,  measured  on  the  lower  lx*<l.  No 
stretcher  t<>  ]•••  less  than  '■*>  feet;  no  header  to  be  less  than  ^'>  feet  e-n  the  face  an*i  4^ 
te<"t  l'»n^.  On  th<-  enrved  part  of  the  face.  exce])t  at  the  toe.  the  bed  joints  shall 
i»e  radial.  On  th«'  vertical  and  battered  part  they  will  be  horizontal.  Dowels  aud 
(damps  of  wrouLclit  ir(jn  will  be  inserted  at  tlie  toe  as  directed  by  the  enirineer. 

IN.  The  exposed  faces  of  all  these  stones  are  to  have  distinct  pitch  lines  all 
aronnfl.  The  face  not  to  project  or  recede  mure  than  li  inches  fr.an  that  line. 
The  beds  and  builds  to  be  pointed  off  to  lay  a  three- fourth  inch  joint  for  IJ-incb 
])ack  from  tlie  pitch«'d  line. 

Il>. '  If  this  vv^ork  is  laid  with  fossiliferous  marble,  the  specifications  will  be  tbe 
same  in  e\ery  respect  as  for  /.(ranite.  except  that  the  beds  and  builds  will  V)e  dresse-l 
toil  i-JTich  joint  instead  of  a  i-inch  joint.  Bids  will  lie  received  for  eith'T  kmi 
of  stone.  A  gamut  or  i>lan  of  each  course  will  be  prepared  a^  spcnjitied  f')r  the 
upstream  face. 

•JO.  Inmeasurlni^^  this  work  the  headers  will  be  taken  as  U  feet  long,  t  he  stretch*  r.«< 
as  wide  as  high,  measured  on  the  lower  bed.  No  dimensions  less  than  these  wi.^ 
be  ac(  epted.  If  stones  of  greater  dimension  are  laid,  the  excess  will  be  pai-l  for 
as  rubble  filling.     All  of  this  work  is  to  be  laid  in  cement  mortar. 

rarBBLE  masonry. 

".M.  Rubble  masonry  will  be  laid  in  the  body  of  the  dam.  This  will  be  couipo-^d 
of  any  firm,  strong,  and  sufliciently  heavy  stone.     It  must  not  weigh  less  than  I"'" 

*  TU\s  vArav;rav\i\Ac\\\u\\\w.x.vi(i'tT«\a.'sve«.l6.cations. 
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pounds  par  eobic  toot  At  least  two-ttdrds  of  it  miist  oonsist  of  blocks  having  a 
bed  of  nofc  teas  than  4  square  feet.  Smaller  stones  may  be  nsed  to  fill  up  the 
spaces  between  blocks.  All  stones  mnst  be  bedded  in  mortar  and  all  interstioes 
fiOed  with  mortar.  Such  practioes  as  lajdng  down  stone  and  poaring  gront  into 
the  cayities  will  not  be  allowed,  and  the  inspector  will  require  sndh  work  to  be 
torn  np  and  relaid  whenever  discovered.  The  mbble  work  will  be  well  bonded 
with  masonrj  on  the  np  and  down-stream  faces.  The  trench  along  the  upstream 
face  of  the  dam  will  be  filled  with  fragments  of  granite  ['*  or  fossiliferoas  mar- 
ble,*^ erased  in  specifications] ,  of  any  form  and  size,  carefully  laid  in  cement  mor- 
tv.  Should  distinct  veins  or  streams  of  water  enter  this  trench,  the  water  will 
be  allowed  to  rise  through  earthenware  drain-pipes  set  in  the  masonry,  or  through 
openings  left  in  the  masonry,  and  discharged  above  the  dam. 

82.  The  capstones  will  be  of  granite  of  the  best  and  soundest  quality,  free  from 
aU  imperfections.  They  will  be  3  feet  in  depth,  not  less  than  8  feet  wide,  measured 
lengthwise  of  the  dam,  and  each  cap  will  consist  of  not  more  than  three  stones. 
The  stones  of  the  adjacent  caps  will  break  beyond  24  inches.  A  distinct  pitched 
Une  will  be  cut  around  the  weather  face,  following  the  outline  of  the  stone,  as 
shown  on  the  plan.  The  weather  face  will  not  be  more  than  1  inch  out  as  regards 
lliis  line.  The  beds  and  builds  will  be  cut  to  a  half-inch  joint,  12  inches  back 
from  this  line.  The  stones  will  be  bedded  in  mortar;  the  build  joints  will  be  filled 
with  melted  sulphur,  of  quality  approved  by  the  engineer.  Dowels  of  wrought 
inm  will  be  inserted  as  indicated  on  the  plan,  and  also  bedded  in  sulphur:  the 
■feones  will  be  fastened  together  on  the  top  with  wrought-iron  clamps  and  dowels, 
aa  directed  by  the  engineer. 

88.  The  price  of  masonry  will  include  furnishing  the  stone,  cement,  and  snlphnr 
and  aU  materials  and  labor  required  for  the  excavation  of  the  work  as  berefai 
pRvridod. 

84.  Before  ooomiendng  the  laying  of  any  masonry  the  rook  on  which  it  is  to 
tm^  most  be  swept  and  washed  clean  with  brooms,  and  the  same  must  be  done 
when  new  masonry  is  joined  on  to  old.  All  stones  must  be  washed  before  being 
told  In  the  work.  A  tank  and  other  appliances  satisfactory  to  the  engineer  mnst 
be  provided  for  this  purpose. 

OXMSNT.  • 

85.  The  cement  furnished  for  this  work  must  be  from  manufacturers  of  estab- 
lUied  reputation,  and  such  as  has  satisfactorily  stood  the  test  of  time  and  ezpe- 
rioioe.  It  will  be  subjected  to  such  tests  as  the  engineer  may  require  from  time 
to  time,  and  such  as  is  rejected  must  be  immediately  removed  from  the  work. 
Quick-setting  cement  will  not  be  used.  Cement  showing  on  chemical  analysis 
nagnesia  or  lime  in  proportions  sufficient  to  injure  the  work  will  be  rejected. 
American  natural  cement  will,  in  general,  be  ezx)ected  to  exhibit  a  tensile  strength 
ot  50  pounds  per  square  inch  at  the  end  of  thirty  days,  when  mixed  with  twice  its 
bulk  of  sand.  Portland  cement  will  be  exi)ected  to  show  a  strength  of  150  pounds 
per  square  inch  at  the  end  of  thirty  days  when  mixed  with  three  times  its  volume 
of  sand.  Cement  shall  be  stored  in  sheds  sufficiently  water-tight  to  exclude  rain, 
with  floors  raised  at  least  12  inches  above  the  ground,  and  iiermitting  a  free  cir- 
culation of  air.    To  give  opportunity  for  tests  the  contractor  shall  have  no  less 

I  sixty  days*  supply  of  cement  on  hand  at  all  times.     [Only  Portland  cement 
lused.] 

MORTAR. 

86.  The  mortar  is  to  be  prepared  from  cement  of  the  quality  above  described 
and  dean,  sharp  sand,  free  from  loam  or  other  impurities,  in  the  proportion  of  1 

b  to  8  of  sand,  1^  measure.    If  made  by  hand  it  is  to  be  mixed  dry,  and 


I 
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a  »iifllciofit  ^joautitf  of  water  afterwards  added  to  prodnce  &  paeti?  of  proper  cotk- 
Bittc-nej^  and  thoroogiilv  worked  with  hom  or  other  snitab]«*  taok.  If  required, 
the  c^ntraotor  shall  provide  h  mortar  mill  of  such  form  as  tbe  en^n^er  jna.j  pn- 
tcribe,  to  be  worked  hy  ^teatn  or  horsepower.  The  mixing  of  tbe  mortar  will  be 
under  tho  eoimtaiit  iaperrifiioii  of  an  inap^ctor*  Stuid  offer^  for  the  work  ihall 
be  wae^hed  and  screen^ » if  the  engineer  ihall  so  direct,  in  ench  manoer  as  he  shall 
prescribe. 

40.  And  the  aaid  contractor  hereby  s^eee  to  receive  the  f oUowiiig  prtcee  aa  ftilJ 
ocanpetiration  for  furniihiiig  all  materials  and  for  labor  In  executing  all  wort 
oaatffiapltited  in  tbis  contract,  And  for  all  riska  of  loe»  incident  to  the  nature  of 
the  wo^k,  to  floods  and  freshet  a  on  the  river,  or  to  other  liction  of  the  elenjentst  to 
etrtkefl  and  couibinatjnna  of  workmen,  to  changes  in  market  valtiea  dnring  the 
progress  of  tbe  work,  and  to  alt  other  causes: 

{u)  For  bailing  und  draining,  including  the  conatroction  and  maintenance  of  all 
UPOHVBiy  cofferdams,  the  furnishing,  setting,  and  operating  of  steam  enginei, 
bollem,  and  pumpa,  and  all  Itibor  and  materlalj^  required  for  the  removml  aiA 
exelosion  of  water  from  the  work  during  its  entire  progress,  aa  specified,  the  sum 
of  ^,^XiO. 

{b)  For  all  earthwork  ejicavation  above  the  low- water  level  of  the  river,  inclad- 
fng  tbe  disposal  of  the  same  in  spoil  banks  of  in  coflferdamS)  and  all  clearing  and 
grubbing,  tbe  suin  of  II  cents  per  cubic  yard. 

(c )  For  all  earth  excavation  below  the  low- water  level  of  the  river,  inoluJijll 
the  disposal  of  the  same,  the  sum  of  50  c^uts  per  cubic  yard. 

{tli  For  rock  excavation  on  the  site  of  the  dam,  inclndtng  the  disposal  of  tlifl 
nock  in  apoil  banks,  riprap,  or  otherwise,  a^  may  be  reciuired,  the  sum  of  $L6Q  ptf 
cubic  yard. 

(e)  For  rook  excavation  from  the  canal  and  site  of  gate  boose;  including  the  dit' 
posal  of  the  rock^  the  sum  of  80  cents  per  cnbic  yard. 

(/)  For  the  masonry  of  the  npf^tream  face  of  the  dam,  of  granite,  cut  and  laid 
as  specified,  the  sum  of  ^11  per  cubic  yard. 

(tj)  For  lbiMaa-(jiiiry  of  th*^  <]iiWTi.s!rpfUii  fnce  of  the  dam.  of  trrftnitf\  the.  sum  of 
$n.'jr»  p+jir  L-iihic  ynni. 

(/O  For  rubble  uuisonry  laid  with  stone  paid  for  as  excavation,  .vJ.^O  i)er  (  nbic 
yard. 

(/)  For  rubhle  masonry  laid  with  stone  not  paid  for  as  excavation,  the  sum  of 
$:}..")()  per  cubic  yard. 

(  /)  For  rubble  masonry  laid  with  urranite  in  trenches,  the  sum  of  $G  per  <  nbic 
yard. 

(A)  For  the  granite  capstones  dressed  and  laid  as  per  specifications,  the  sniii  of 
$15  i)er  cu])ic  yard. 

(/i  For  drilling  bolt  holes  for  wrought-iron  clamps  and  dowels,  the  sum  of  '^ 
cents  per  linear  foot  of  hole  drilled. 

(ill)  For  furnishing  and  inserting  wrought-iron  clamps  and  dowels  as  mjuireJ 
by  the  specifications,  the  sum  of  10  cents  per  pound. 

(n)  For  laying  masonry  of  any  kind  in  Portland  cement  mortar  m  excess  ni  the 
price  received  lor  the  same  work  laid  in  mortar  of  American  natural  cemeut.  the 
sum  of  50  cents  per  cubic  yard.     |  There  were  more  than  iK),0(M)  yards  excess,  j 

11.  And  it  is  further  agreed  that  the  engineer  shall  make  approximate  monthly 
estimates  of  the  work  done,  and  the  materials  delivered,  and  the  ])aynieiits  shall 
be  made  of  n5  per  cent  only  of  the  amount  of  such  monthly  estimates. 

\2.  And  said  contractor  hereby  further  agrees  that  the  said  board  l>e.  and  i5 
hereby,  authorized  to  deduct  and  retain  out  of  any  money  due  the  (  ontra«  i«>r  tht^ 
sum  of  $500  per  day  as  liquidation  damages  for  each  and  every  day  the  atoresaul 
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irark  shall  remain  uncompleted  beyond  fhe  time  herein  Btipnlated  tat  its  comple* 
)km;  provided,  however,  that  the  board  shall  have  the  right  to  extend  the  said 
kime,  shonld  it  decide  to  do  sa 

48.  And  it  is  fnrther  agreed  that  of  the  snm  agreed  on  as  compensation  for  bailing 
md  draining,  three-f  onrths  shall  be  considered  as  earned  when  the  entire  masonry 
is  raised  to  a  height  of  3  feet  above  the  low- water  level  of  the  river,  and  the 
remainder  when  the  dam  is  folly  completed  according  to  the  terms  of  this  con- 
tact, and  that  these  sums  shall  be  sabject  to  the  above-mentioned  deduction  of 
16  per  cent. 

48a.  The  power  of  the  board  of  pnblic  works  and  the  engineer  acting  under 
khem  as  now  constituted  only  extends  to  executing  the  contract  as  it  is  made  by 
ttie  ci^;  and  all  changes  of  the  contract  and  linal  approval  of  work  done  shall  be 
bj  the  city  council  upon  the  recommendation  of  the  board  of  public  works,  or  by 
the  proper  city  authorities  that  may  be  provided  by  law  from  time  to  time  as  the 
work  progresses. 

48b.  This  contract  is  conditioned  upon  a  railroad  being  constructed  by  the  city 
or  some  persons  other  than  the  contractor  from  the  depots  in  the  city  of  Austin  to 
ttie  site  of  the  proposed  dam,  and  the  said  city  guarantees  to  the  said  contractor 
the  use  of  the  said  railroad  track  free  of  charge  for  hauling  all  material  for  the 
eonatr action  of  the  dam.  It  is  understood  that  all  time  which  may  be  lost  by  the 
9ontractor  by  reason  of  the  noncompletion  of  said  railroad  shall  be  credited  by 
■dd  contractor  on  the  time  stipulated  for  the  completion  of  the  dam. 

The  cross  section  originally  adopted  is  shown  in  fig.  3,  left  half. 
Fhe  contractor  commenced  the  work  of  excavating  the  alluvial  soil  on 
the  east  bank  on  November  5, 1890,  and  the  first  stone  was  laid  in  the 
toimdation  of  the  dam  May  5, 1891,  exactly  one  year  after  the  election 
authorizing  the  issue  of  the  bonds.  The  east  half  of  the  dam  was 
built  to  a  safe  height  above  ordinary  freshets,  and  then  the  work  was 
irashed  from  the  west  end.  The  foundation  work  at  the  east  end 
was  protected  by  a  natural  dirt  cofferdam  and  at  the  west  end  by  a 
wing  wall  of  broken  limestone  for  body  and  hay  and  dirt  as  fillers. 
Hits  deflected  the  water  toward  the  west  end  of  the  eastern  portion, 
and  the  western  section  of  the  dam  was  thus  built  out  to  within  a 
short  distance  of  the  eastern  portion.  The  gap  was  closed  by  first 
constructing  a  small  dam  in  front  of  it,  thus  forcing  the  water  through 
a  gap  in  the  eastern  portion  only  a  few  feet  higher  than  the  founda- 
tion courses.  In  this  way  the  water  was  played  from  one  gap  to  the 
other  at  the  pleasure  of  the  contractor.  The  gaps  left  in  the  dam  while 
the  work  of  construction  was  proceeding  are  shown  in  Pis.  II  and  III. 
When  the  courses  reached  a  suflficient  height,  a  framework  dam  was 
made  to  check  the  flow  through  the  gaps.  In  September,  1892,  three 
sluice  pipes,  each  3  feet  in  diameter,  were  built  into  the  dam  at  a 
level  43^  feet  below  its  crest,  so  that  there  could  be  no  basis  for  com- 
plaint of  stopping  the  flow  of  the  river,  and,  incidentally,  to  assist  the 
contractor  in  controlling  the  water.  At  a  later  stage  of  the  construc- 
tion one  of  these  pipes,  half  open  and  under  a  head  of  36.5  feet, 
the  whole  fiow  of  the  river. 
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The  dam  cost  over  ♦110,000  more  than  Mr,  Corrlgan'd  original  hid, 
_The  causes  of  thiB  iuereaB©  were— 

1,  IiLcreaaedexcavaticiii  ateaet  end  of  dam., -., (8,914.60 

I.  Extra  tnaaatuy _,... ,_-._. 5Q,7!I3,^ 

Extra  linie»toiie  tnasonfy  ._. .__ 21,830.&O 

4*  £xU^  alio wanoe  for  Portland  oemeol,,. .,.,  44,180.35 

5,  CJliange  in  shape  of  crest ....... , 2,a^7.45 

fk  AUowaDca  for  pumping;  exeavatmg  without  exploeivee, 

aDd  cement . 3,383.49 

Total. _ , .__„..._-_  l»7,450.fil 

OeTestiiuate , ..___ ,       37.355.6^ 

Total  eitra  cost .»-. 110, 1&5.29 

Original  bid - , .._. 501,150,00 

Total  csost  of  dam ©11,345,29 

The  plans  recommended  by  Mr.  Frizell  contemplated  a  canal  several 
linndred  feet  long  and  a  power  house  sonth  of  the  site  subsequently 
Heleeted,  located  upon  the  alluvial  soil  below  the  dam.  In  JanQan, 
1892^  it  became  mantfBBt  that  some  members  of  the  board  of  public 
works  did  not  approve  tlitj  plans  submitted  by  Mr.  Frizell  in  so  far  as 
they  related  to  the  catial.  They  advocated  the  abolition  of  the  craual, 
and  suggested  that  the  water  be  taken  directly  from  the  lake  by  the 
penstocks,  and  that  the  power  house  be  located  near  the  east  end  of 
the  dam.  At  this  juncture  the  board  requested  Mr,  E.  0.  Gey  el  in,  of 
Philadelphia,  to  visit  Austin  and  report  upon  the  questions  at  ij^ue. 
In  his  report,  dated  February  17,  1892,  Mr.  Geyelin  reeomniendtHl, 
amouj^  other  tliiujLTs,  that  the  power  liouse  be  located  upon  a  rock 
foundation  at  least  100  feet  from  the  dam,  and  that  thf  water  ])e  con- 
veyed from  tlie  lake  by  a  series  of  large  i)ipes.  (The  power  hoibo 
was  afterwards  loeatcnl  at  an  average  distanee  of  loO  feet  from  the 
dam.)  Mr.  Friz(*ll  took  issue  witli  these  reeommeiidatioiis,  and  llie 
board  then  decided  to  ask  the  advice  of  Mr.  J.  T.  Fanning,  of  Aliii- 
neapolis.  After  spending  several  weeks  in  Austin  ijivestigat  ini:  the 
prol)lems,  jNIr.  Fanning,  on  June  24,  l.S'J2,  sul)mitte(l  his  i-epori  to  ili*' 
board,  and  among  other  things  said: 

This  dam  is  heing  constructed  of  solid  masonry  and  is  faced  on  rach  sule  with 
large  ])lock8  of  excellent  granite.  Not  for  its  length  alone  or  its  gi>'ai  area « : 
flowage  is  the  dam  remarkable,  for  in  France  we  observe  three  locger  m.i>'>iiry 
dams  at  Bouzey,  Chazilla.  and  (iros  Bois,  1,545,  1.759,  and  l,so5  feet  Ion-. 
resi)ectively — and  in  Wales  the  Vyrnwy  dam,  1.350  feet  long,  the  latter  btiiii;  f  t 
the  storage  reservoir  of  the  Li\  erpool  water  supply. 

Not  in  the  height  alone,  for  in  France  there  are  3  dams,  in  iSpaiu  -2.  m  Belgium 
I,  and  in  the  State  of  California  1  masonry  dam  exceeding  150  feet  in  height- 
There  are  11  other  notable  masonry  dams  having  heights  exceeding  inu  feer. 

But  none  of  these  dams  are  upon  great  rivers,  and  very  few  of  thei.i  have  any 
water  pass  over  their  crest.  On  the  other  hand,  the  Austin  dam  is  in  the  chaiiiul 
of  the  Colorado  River,  where  it  has  10,000  S(iuare  miles  of  watershed,  and  \yi'^ 
have  floods  of  200,000  to  250,000  cubic  feet  of  water  per  second  to  pass  frocii:^ 
creat  to  its  toe.    Your  citizenamll  appreciate  your  responsibility  when  they  learu 
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ttuit  no  dam  in  exlstenoe  has  to  imwb  m  Ycibaane  of  water,  in  flood,  even  approxi- 
mating  thia,  throogh  ao  great  a  height  Limestone  and  sandstone  yield  rapidly 
to  the  eroding  force  of  falling  waters.  The  eyidences  of  this  are  abundant  in 
the  canyon  of  the  Niagara  Biyer  below  Niagara  Falls,  in  the  canyon  of  the 
Qeneaee  River  below  the  Gtonesee  Falls,  the  Mississippi  River  below  St  Anthony 
Falls,  and  here  of  the  Colorado  River  across  Travis  Gonnty,  as  well  as  in  the 
channels  of  numerous  streams  that  flow  down  each  of  the  Rocky  Mountain 
slc^iea.  Such  evidences  admonish  us  that  this  great  flood  must  not  be  permitted 
to  have  a  sheer  fall  through  so  great  a  height  and  act  with  a  destructive  force 
such  as  has  heretofore  created  canyons,  but  it  must  be  made  to  glide  down  the 
dope  of  the  dam  and  not  be  permitted  to  exert  the  force  due  to  its  velocity  except 
at  such  distance  below  the  dam  that  the  foundations  will  not  be  endangered. 

The  profile  [fig.  3,  left  half]  as  shown  to  me  seems  not  to  fulfill  the  required 
conditions  for  passing  the  floods,  because  of  the  slightly  rounded  or  nearly  angu- 
lar form  at  the  front  of  its  crest.  Another  diagram  [fig.  3,  right  half]  presented 
shows  an  advised  modification  of  the  profile  of  the  upper  part  of  the  dam,  which 
is  better  adapted  to  pass  the  flood  in  a  gliding  sheet  down  the  face  of  the  dam  and 
to  deliver  it  to  the  lower  level  without  a  direct  blow,  and  so  that  its  velocity  will 
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be  expended  chiefly  in  a  horizontal  direction  in  the  backwater  below  the  dam  and 
in  eddies  at  a  safer  distance  below  the  toe  of  the  dam.  The  lower  part  of  the 
downstream  face  of  the  dam  has  a  curve  of  31  feet  radius  to  which  low- water 
■orface  is  tangent.  The  central  part  of  this  face  has  a  batter  of  4i  inches  to  the 
fdot 

The  new  proflle  at  the  top  part,  as  suggested,  completes  the  downstream  face 
and  crest  of  the  dam  with  a  curve  of  20  feet  radius,  to  which  both  the  front  batter 
and  the  surface  of  the  pond  at  a  level  of  the  crest  are  both  tangent,  this  curve 
ending  on  the  crest  at  5  feet  from  the  upper  angle  of  the  crest.  The  upper  angle 
of  the  crest  is  then  rounded  off  vrith  a  smaller  curve,  and  the  entire  front  of  the 
dam  becomes  a  reverse  curve  of  og^  form,  the  form  of  dam  best  of  all  adapted  to 
paos  a  large  volume  of  water  through  so  great  a  height.  The  top  curve  conforms 
nearly  to  the  theoretical  form  of  a  medium  flood  stretfm.  At  higher  flood  stages 
there  will  be  tendency  to  vacuum  under  the  curve  stream  immediately  after  it 
has  passed  the  crest,  which,  together  with  the  pressure  of  the  atmosphere  upon 
the  top  of  the  stream,  will  keep  the  full  flood  stream  in  full  contact  with  the 
eorvied  laoe  of  the  dam,  and  caoae  even  the  higlieat  flood  to  glide  down  the  fall 
I  tha  laoe  of  the  dam  or  the  soft  rook  foondatioiL 
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In  a4(iitton  to  this,  Mr.  Fan  mug  reoom  mended  that  the  power  hoaee 
Txi  located  in  the  position  shown  in  fig*  5,  and  that  tlie  river  side  of 
►  Ihc  powt^r  hoiide  rest  on  a  (granite  revetment  wall  250  feet  in  LeiigUi, 
to  pmt^Hjt  it  from  the  force  of  the  water. 

The  board  of  public  works  Qnally  determined  to  change  thecn^ 
Beetion  of  the  dam  t4>  that  shown  in  fig.  3,  right  half,  to  locate  thi 
fMiwer  hon»€i  near  the  eant  end  of  the  dam,  and  to  take  the  water  from 
the  iftke  through  ^-foot  penst^ocks.  The  head-gate  masonry  before 
May,  lBf*3,  i«  shown  in  PI,  IVj  A^  which  also  illustrates  the  po&itmoii 
of  the  wrought-iron  penJttooks. 

PL  V  shows  the  **Une  of  resistance ""  of  the  dam,  on  the  assump- 
tion that  the  masonry  averages  125  pounds  per  cubic  foot,  ThLs  line 
of  resistance  falls  within  the  middle  third,  and  shows  that  the  enias 
section  was  well  designt^d  to  resist  the  pressure  of  the  water. 

To  find  the  line  of  resistance  of  the  dam,  the  height  was  divided 
Into  six  equal  sections  of  10  feet  depth,  lea\ing  the  bottom  or  seventh 

Btion  6  feet  deep.  The  areas  of  these  sections  were  found  to  be 
liO,  235,  371,  310,  360,  495,  and  396  square  feet,  raspectively.  Their 
centers  of  gravity  were  found  and  marked  Gj,  G^,  G^,  etc.  For  I  foot 
in  length  of  the  dam  the  al>ove  areas  became  the  volumes  of  the  *?c^ 
tions,  in  cubic  feet.  The  weight  of  each  section  was  found  by  multi- 
plying the  volume  by  125,  which  whs  assumed  to  l>e  the  weight,  iu 
pounds^  of  a  cubic  foot  of  masonry.  While  the  granite  face  of  the 
area  would  have  weighed  more  than  thiSj  the  limestone  cenieni  t*tire 
would  have  weighed  less.  The  weights  of  the  sections  were  18,750, 
29,375,  :]4,imi\  :!S,75n,  4,^,(K)n,  r;i,S7"),  ^nd  40,500  pounds,  rtvspeclivdy, 
and  tliey  will  Ix*  rc^'tTiYMl  to  in  lliis  deseription  as  W^,  W ^,  W.,  <'tc. 

The  horizontal  wat<M- i)ressurr.s  wcro  found  to  be  3,125,  9,.')75,  l.\»':'''>, 
21,S75,  2S,1l*5,  :{4,375,  and  i*3,(;l*5  [)ounds,  respectively,  and  tliey  will 
be  n^ferred  to  as  P,,  1*^,  P:j,  <'tc.  Tlie  forees  aetin.ir  upon  rlie  tirsi  sec- 
tion were  tlie  liorizontal  water  pressure  of  .■>,125  pounds  (re[)resciit»Ml 
by  Pi  in  PI.  V)  and  its  wei«j:lit  of  IS, 750  pounds,  acting  tlirouirli  i^i- 
By  i)r()ducing  the  force  P,  and  \\\  to  intersect,  findin<^  their  n'sult- 
ant,  and  [)roducini;-  this  resultant  to  cut  tlie  bed  joint,  we  tind  th»' 
first  [)oint  in  the  line  of  resistance.  The  forces  act inir  on  the  lii>i 
two  sections  \v(M"e  tlie  two  watiM*  pressures  P,  and  P.,  (.■^lL^')  and  '\■^''^ 
pounds,  respectively),  amounting;*  to  12,500  [)ouTids,  and  actiiii:  as 
represented  \)y  the  dot-dasli  liorizontal  line  between  P,  and  P,;  and 
the  sum  of  the  weii^hts  (Wj  and  W.,)  of  the  tii'st  two  sections,  aniouiii- 
iug  to  48,125  i)ounds,  actinj.^  through  their  conunou  center  of  gravity 
Gi..,.  By  [)rodu(dng  these  two  forces  to  intersect,  and  finding  when' 
their  resultant  cuts  the  second  bed  joint,  we  determine  a  second  [H)iiit 
in  the  line  of  resistance.  Similarly,  the  intei-section  of  the  ivsultaut 
acting  on  that  pai-t  of  the  dam  above  any  bed  joint  with  said  bed  joint 
can  b(^  found.  By  joining  the  consecutive  points  wdiere  the  result- 
ants cut  their  corresponding  bed  joint  the  line  of  resistance  is  detei- 
luuicd. 


r  ^. 
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In  the  case  of  the  Anstiii  dam  the  line  of  lesistanoe  fell  within  the 
iddle  third  of  the  bed  joints,  and  there  was  therefore  no  tension  on 
ly  bed  joint. 

By  using  the  force  iK>lygon  shown  on  the  right-hand  side  of  PL  V , 
le  work  of  constmcting  the  line  of  resistance  can  be  greatly  f  acili- 
.ted.  Lay  off  consecutively,  in  a  vertical  line,  W^  (the  weight  of  the 
rst  section),  W,  (the  weight  of  the  second  section),  Wg  (the  weight 
'  the  third  section),  etc.,  and  in  a  horizontal  line  lay  off  P^  (the  first 
ater  pressure),  P,,  Ps)  etc.  It  is  clear  that  the  lines  in  this  diagram 
ining  the  ends  of  Wj  and  Pj,  Wj  and  Pj,  Wj  and  Pg,  etc.,  are  paral- 
1  and  equal  in  magnitude  to  the  resultants  acting  on  the  first-second, 
le  first-second-third,  etc.  All  that  is  necessary  to  find  the  line  of 
distance  is  to  produce  P^  to  intersect  a  vertical  through  G^,  and 
irough  the  point  of  intersection  draw  a  line  parallel  to  the  first 
iagonal  in  the  force  diagram,  to  cut  the  first  bed  joint,  thus  deter- 
ining  the  first  point  in  the  line  of  resistance.  Again,  produce  the 
no  of  horizontal  pressure  represented  by  the  dot-dash  line  between 
I  and  P2  to  cut  a  vertical  through  Gi_8,  and  through  the  point  of 
itersection  draw  a  line  parallel  to  the  second  diagonal  in  the  force 
iagram,  to  cut  the  second  bed  joint,  thus  determining  the  second 
>int  in  the  line  of  resistance.  In  this  way  all  of  the  points  in  the 
He  of  resistance  can  be  found. 

If  it  is  desired  to  use  graphical  methods  to  find  the  position  of  the 
Ninltants  of  the  pressures,  select  any  oonvenient  point  as  a  pole  and 
»in  it  to  the  ends  of  P|,  P|,  P3,  etc.,  as  shown  in  the  smaller  diagram 
Q  the  right-hand  side  of  PI.  V;  then  construct  the  equilibrium 
Dlygon,  as  shown  in  the  diagram  to  the  right  of  the  section  of  the 
am,  as  follows:  First  draw  a  line  x>arallel  to  the  line  connecting  the 
ole  with  the  right-hand  end  of  Pj*,  this  line  will  cut  P^  at  any 
ssumed  point;  then  draw  a  line  x>arallel  to  the  second  diagonal  from 
le  i>ole,  and  passing  through  the  x>oint  of  intersection  of  our  first 
iagonal  of  the  equilibrium  polygon  and  P^;  this  line  will  cut  P,;  and 
irough  this  point  of  intersection  a  third  line  of  the  equilibrium  poly- 
on  is  drawn  parallel  to  the  third  diagonal  from  the  pole;  this  diago- 
al  will  cut  P3.  In  this  way  the  complete  equilibrium  polygon  is 
instructed.  The  position  of  the  resultants  of  Pj  and  Pj  can  be 
>und  by  producing  the  third  diagonal  of  the  equilibrium  polygon 
ntil  it  meets  the  first  diagonal;  that  of  P^,  P,,  and  P3  can  be  found 
y  producing  the  fourth  diagonal  until  it  meets  the  first  diagonal  in 
le  equilibrium  jwlygon;  and  so  on.  By  drawing  lines  through  these 
oints  of  intersection  parallel  to  the  resultant  pressures  on  the 
38pective  sections,  we  have  the  positions  of  the  resultant  pressures, 
B  shown  in  the  diagram  (PI.  V)  by  the  dot-dash  horizontal  lines. 
lie  first  pressure  in  the  case  before  us  was  not  absolutely  horizontal, 
Q  aooonnt  of  the  rounded  edge  at  the  top  on  the  ui>stream  face,  but 
i  was  so  nearly  horizontal  that  it  will  not  materially  modify  the  final 
oal^Bia. 


THE  Ausrm  DAIC, 


^sfo^ia 


The  best  modern  appliances  were  used  in  the  construction  of  the 
dam.  Tlie  granite  material  for  the  facing  wa8  obt.ained  from  Granite 
MouuUiin,  near  Mnrble  Falls,  ^khu^  hauled  from  the  quarry  lo  the 
dam  u%'er  the  Austin  and  Northwestern  Railw»3%  a  distance  of  7U 
milefi^  and  delivered  at  the  east  end  of  the  dam,  ats  shown  in  PL  IV,  j1. 
The  i^ranjte  blocks  were  of  averajje  dimensionii  and  weighed  4  tous 
each.  The  four  clasaee  of  material  uned— 1,  e.,  the  limestone  nibble, 
the  cement,  the  sand,  and  the  granite — were  transported  from  the  end 
of  the  dam  to  place  by  a  cable  2i  inches  in  diamet-er,  stretch©!  between 
two  toweiTS-^one  on  the  east  and  the  ether  on  the  wcfit  hluil— 1,350 


Fu;.  4.— Saddle  U8ed  on  cable  ronveyer. 


foot  apart.  Tlio  eablo  was  anohorod  to  ''dead  men-'  at  the  oinls, 
woi^litod  down  hy  stono.  Tho  saddlo  shown  in  tig.  4  was  s[)eeially 
desii^niod  for  this  work,  and  ran  on  tho  main  eablo.  Tho  wiro  rop«'> 
woro  known  as  tlio  'Miaulin^ir  rope/'  tlio  ''hoisting  ropo,"  and  tin- 
*' button  rope."  'J'lio  liauling  I'opo  was  attached  to  the  low^r  j)art  of 
the  frame  woj-k  of  tlio  saddlo,  pass<Ml  over  pulleys  at  both  towi^rs,  aii'l 
wound  around  a  drum  under  the  oast  tower,  llie  encHoss  hanlinii 
rope  was  opcM'atcd  by  an  engine  to  wliioli  its  drum  was  attaoViod.  h 
was  conipletcdy  uinh'r  tho  oontrol  of  tho  oj)orator,  and  oould  1«' 
stopped  in  any  position  along  its  course.     After  being  oheokod  in  tlie 
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30sition  desired,  the  drum  operating  the  hoisting  rope  was  brought 
nto  motion  and  the  load  was  lowered  to  the  dam. 

The  granite  blocks  and  the  larger  limestone  rabble  stones  were 
landled  by  immense  tong-like  grips.  The  cement  and  sand  were 
oaded  into  cages,  transported  to  the  place  of  construction,  and  there 
lumped  on  the  dam.  The  cement  mortar  was  made  at  the  place 
^here  it  was  to  be  used,  and  the  blocks  of  masonry  were  placed 
wrhere  needed  by  crane  derricks  shown  in  PI.  IV,  B. 

A  wire  rope  one-half  inch  in  diameter  was  used  in  connection 
jeith  the  cable  and  saddle  to  prevent  excessive  vibration  of  the  oper- 
iting  ropes.  On  this  rope  there  were  buttons  which  increased  in 
Jize  from  the  tower  to  the  west.  The  hoisting  rope  was  supported  at 
lifferent  points  by  carriers  which  rested,  when  the  saddle  was  sta- 
lonarj',  on  the  main  cable.  This  carrier  consisted  essentially  of  two 
mrallel  bars,  l>etween  which  and  near  the  lower  end  a  small  pulley 
ras  support e<l  to  carry  the  hoisting  rope.  A  series  of  slots  were 
irranged  in  the  ui)i)er  part  of  the  carriers  through  which  some  of  the 
mttons  couM  i)ass.  When  near  the  east  tower  the  saddle  supported 
ill  of  the  carriers  on  a  horn.  In  moving  from  the  tower  to  the  west, 
he  smaller  button  passc*d  through  all  of  the  carriers  except  the  last, 
Fbich  it  took  off  the  horn;  the  second  button  passed  through  all  of 
he  remaining  slots  except  that  in  the  second  carrier,  which  it  pulled 
)ff  the  horn;  etc.  The  carriers  were  thus  stripped  off  the  horn  by  the 
buttons  and  rested  on  the  main  cable,  affording  a  groove  or  support 
!or  the  hoisting  rope  and  reducing  its  vibration. 

liEAK  UNDER  UKAD  GATE. 

On  May  30,  1893,  the  water  from  the  lake  cut  under  the  east  bulk- 
lead  and  undermined  the  proposed  foundation  of  the  power  house. 
[t  entered  a  seam  in  the  limestone  slightly  above  the  point  indicated 
it  B  in  fig.  5,  about  00  feet  from  the  dam.  From  this  point  the  course 
jf  the  water  was  at  an  angle  of  about  30  degrees  to  the  axis  of  the 
river  to  the  left,  and  it  also  took  a  downward  course  and  passed 
ibout  25  feet  under  the  foundation  of  the  head-gate  masonry.  A  view 
3f  the  pow(»r-house  foundation  a  few  days  before  the  break  is  given 
in  PI.  VI,  A.  The  water  issued  from  the  west  wall  of  the  proposed 
power-house  foundation  and  soon  wrecked  it.  The  general  course  of 
the  water  was  from  a  point  near  the  east  end  of  the  head-gate 
masonry  di^igonally  across  the  foundation  to  the  point  of  exit. 

A  cofferdam  about  125  feet  long  was  constructed  of  framework, 
with  dirt  an<i  hay  as  fillers,  from  a  point  on  the  shore  above  the 
entrance  to  the  crevice  to  a  point  near  the  end  of  the  dam.  This 
effectually  cut  off  the  water  from  the  proposed  forebay,  and  the  work 
>f  repair  commenced.  As  originally  designed,  the  head-gate  masonry 
3ontemplated  9  large  pipes,  but  only  7  were  put  in. 

The  head-gate  masonry  cracked  about  40  feet  from  the  end  of  the 
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flanif  Jilong  tlif^  lint*  HM  in  0g.  5,  and  »ettied.  The  earth  cuast  of  tl]« 
eiy*t  4*n<l  of  the  httad  gat**  si^ttled  for  ti  distaQce  of  2^  feel.  Plans  wer^ 
immi^Ualt*1y  adoptal  for  raij^big  atid  BtrL«nglLeiilDg  the  cH^fferdam  ao 
to  pruvide  against  flucKlii,  for  rebuilding  the  head  gate,  and  for  the 
coiiBtruction  of  a  iKmer-houee  foundatioD.  The  broken  part  of  tk 
boad'fjat*'  masonry  was  removed  (leaviDg  only  that  over  penstockgl 


FKi.  'K-Sortion  anfl  sketch  jdun  of  Inilkhoa  1,  showinp:  location  of  power 
hous<^  and  peiistrK'ks.  HK  is  V>ottoiii  layer  of  concrete  fillinfir  resting;  on 
hard  limestone  strata:  HM  is  lino  of  crack:  RS  is  the  ori^nal  level  of 
bulkht-ad  masonry:  KSTU  is  tunnel  («>  feet  by  6  feet  by  tV I  feet  loup) 
filled  with  ctnicrete;  A  is  point  where  drift  indi<ated  leak  in  the  spring 
of  ls<n»:  Bis  location  of  leak  discovered  in  the  fall  of  lsr>9:  P  is  point 
from  which  view  shown  in  PI.  VII.  li,  was  taken:  FG  is  winif  wall:  C  is 
10-inch  horizontal  |»ipe  projecting  from  wall  of  ])ower  hoii5»e,  known  as 
"  the  s])rin^';  '  D  is  cement  chanilx'r  for  controlling  water  and  direct- 
inu'  it  throii^'h  (,';  1  to  7  are  penstocks;  E  is  the  point  at  which  the  leak 
in  penstock  was  found  in  February.  VMi^l 

and  w),  and  an  cxravat  ion  ncai'ly  -00  iVct  long  and  70  feet  deep,  witli 
an  avcrau:^'  widtli  of  7  I'eet,  wa.s  made.  This  treneli  reaehed  to  a  level 
of  57  IVc'i  hclow  the  ci'est  of  the  dam,  oi*  within  3  feet  of  the  level  '»! 
the  toe.  Th<^  head-.i!j:ate  masoniy  was  I'ebuilt,  provision  being  made 
for  only  sexcn  '.) -foot  penstocks,  the  I'cst  of  tlie  exeavation  being  tilled 
by  a  concrete  wall  112  feet  long,  which  was  8  feet  thick  for  the '.♦<' 
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set  next  to  the  head  gate  and  only  5  feet  thick  for  the  rest  of  the  dia- 
ikiioe.  In  excavating  for  this  extension  wall,  alternate  layers  of  hard 
nd  soft  limestone  were  encoantered,  as  shown  in  PL  VI,  B.  The 
ottom  layer  of  the  concrete  filling  (HK,  fig.  5)  was  laid  on  one  of 
hese  hard  strata,  but  it  was  f  ally  demonstrated  that  a  current  of 
rater  was  running  underneath.  Several  holes  were  drilled,  through 
Fhich  the  water  welled  up  in  jets  several  inches  high.  However,  it 
ras  thought  safe  to  plug  these  holes  and  to  ignore  the  stream  below. 
["he  bulkhead  masonry  originally  extended  to  the  level  RS,  fig.  5, 
!6  feet  below  the  top  of  the  dam;  but  as  an  extra  precaution  a 
annel  (RSTU)  6  feet  by  6  feet  square  and  60  feet  long  was  cut  under 
he  bulkhead  masonry  back  to  the  end  of  the  dam  proper,  and  the 
pace  was  filled  with  concrete.  The  space  below  the  42-foot  level 
mder  the  tunnel  was  not  disturbed. 

The  foundation  for  the  power  house  was  then  excavated  to  a  depth 
►f  more  than  80  feet  below  the  crest  of  the  dam.  The  original  con- 
iractors,  after  a  dispute  in  regard  to  the  excess  of  water  fiooding 
heir  work,  surrendered  their  contract.  The  new  contractors  suc- 
ceeded in  controlling  this  water  by  the  use  of  a  cement  chamber  at 
!>,  fig.  5,  and  a  10-inch  horizontal  pipe,  which  projects  from  the  wall 
»f  the  power  house  at  the  point  C,  about  54  feet  below  the  crest  of  the 
lam.  This  is  often  referred  to  as  ^^the  spring."  A  view  of  it  is 
ilown  in  PI.  Ylly  Ay  where  it  is  being  discharged  through  a  10-inch 
^ipe  in  the  third  course  of  granite  above  the  toe  of  the  dam.  Meas* 
Irements  taken  in  October,  1895,  showed  a  range,  on  the  horizontal 
inrface  of  water  in  the  tailrace,  of  5.1  feet  and  a  fall  of  5.8  feet, 
giving  a  discharge  of  4.6  feet  per  second.  A  3,000,000-gallon  pump 
^tirely  exhausted  this  '^spring."  In  May,  1897,  the  flow  from  the 
io-called  ''spring"  suddenly  increased.  An  average  of  several  meas- 
urements gave  a  range  of  11  feet  and  a  fall  of  5.8  feet,  and  there- 
Fore  a  discharge  of  about  10  second-feet.  Measurements  recently 
;aken  give  a  range  of  8.8  feet  and  a  fall  of  5.8  feet,  and  therefore  a 
discharge  of  8  second-feet. 

In  the  spring  of  1899  it  was  discovered,  from  the  behavior  of  drift, 
that  water  was  disappearing  from  the  lake  at  point  A,  fig.  5.  This 
source  of  leakage  was  stopped  by  filling  the  lake  at  that  point  with 
clay,  loose  and  in  bags.  While  the  filling  in  was  going  on  the  dis- 
charge of  water  from  the  10-inch  pipe  almost  ceased  for  a  few  hours, 
but  soon  reached  its  normal  amount.  The  filling  kept  the  water  dis- 
9olored  and  muddy. 

In  the  fall  of  1899  it  was  noticed  that  water  was  disappearing  at 
;x>int  B,  fig.  5,  only  a  few  feet  from  the  shore.  A  cofferdam  of  sheet 
[liling  was  constructed  around  this  point  and  it  was  filled  with  hay 
ind  earth.  A  view,  taken  from  point  P,  fig.  5,  of  the  two  leaks  and  of 
3ie  method  of  filling  by  clay  and  sheet  piling  is  shown  in  PL  YII,  B. 
rhe  day  filling  is  the  pile  of  dirt  adjoining  the  upstream  ta/oe  of  the 
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I     Itj  the  latter  part  of  D©c©iiib©r,  1890,  the  earth  in  front  of  and 

[between  the  power  hotide  and   bulkhead,  ami  »t  point  E,  fig.  5, 

I1>egan  to  sink  and  continueci  to  sink  until  it  was  determined  to  n^umve 

I  the  OHrt')i  covering  the  O-foot  penstocks  under  the  snnken  areas,  in 

Lorder  to  discover  the  cause.    The  removal  of  the  earth  showed  thM 

Ipen^to^k  No.  3  {flg<  5)  wasbtiekleti^  and  that  at  one  place  it  had  smk 

r  sbont  20  inches.     A  bold  stream  of  wat«r^ — at  leAst  2  s^eond-fe^'t  in 

^amount  and  IG  feet  below  the  top  of  the  dam— was  found  when  the 

I  earth  was  taken  out  between  the  power  house  aud  penstock  No.  3, 

I  and  between  penstocks  Nos.  3  and  4,     llie  stream  of  water  wm 

partly  deflected  around  the  north  eod  of  the  |K>wer  house  and  under 

penstocks  Nos.  1  and  2.     The  water  did  not  rise  in  the  excavatkWj 

[and  it  was  discharged  through  some  2-inch  pipes  at  F,  fig,  d,  14  feet 

^  below  the  erest  of  the  dam,  through  two  or  three  other  small  pipes, 

J  and  by  absorption  through  the  wing  wall  FC  and  through  thi^  east 

wall  of  the  power  house.     Penstock  No.  5  was  also  found  buckled  at 

a  joint  about  35  feet  from  the  bulkhead.     The  water  which  caused  the 

settling  came  from  a  broken  2 -inch  pipe  tapped  into  the  bottom  of  i^n^ 

Ifitock  Ko,  5.    The  break  was  at  an  elbow  just  below  the  penstook,at 

I  ft  point  abont  16  feet  below  the  crest  of  the  dam  and  40  feet  from  the 

^fiouth  side  of  the  bulkhead  maaonry. 

FLOW  OF  COIjORADO  BIVEB. 

The  minimum  flow  of  Colorado  River  was  estimated  in  1890  to  be 
1^000  cubic  feet  per  second;  and  it  was  upon  this  estimate  that  The  ' 
engineers  based  their  calculations  of  the  power  that  would  hiHome 
available  by  the  erection  of  a  dam  <30  feet  high  alx>ve  l(>w  water. 
With  an  elTective  head  of  57.5  feet  and  a  machinery  etTifi«ni(*y  oi  >" 
per  cent  of  the  theoretic,  for  this  flow  there  would  l)e  available  <'<>n- 
tinuously  5,227  horsepower,  and  if  held  ba(*k  nights  and  Sundays  and 
used  only  <>0  hours  a  week,  14,000  horsepower. 

After  February  10,  1897,  the  city's  plant  furnished  power  for  its 
own  water  and  light  system,  for  the  Dam  and  Suburban  Railway. 
for  the  Rapid  Transit  Street  Railway,  and  for  various  motors  in  the 
city.  This  required,  in  the  opinion  of  the  superintendent  of  water 
and  liglits,  an  avei-age  of  about  1,000  horsepower;  that  is,  with  a 
machinery  efficiency  of  75  per  cent,  about  20(^  cubic  fec^'t  of  water  i»«'r 
second.  During  1897  the  lake  level  was  below  the  crest  of  the  <laiii 
eighty-nine  days,  showing  that  the  supply  of  water  at  the  fonbay 
was  not  sufficient  to  carry  the  load  upon  it.  In  1898  the  water  was 
below  the  crest  one  hundred  and  eighty-six  days,  and  in  1899  it  wa> 
below  two  hundred  and  four  days,  making  a  total  of  four  hundred 
and  seventy-seven  days  during  the  last  three  years,  or  43  per  cent  oi 
the  time  from  January  1,  1897,  to  January  1,  1900. 

The  maximum  flood  height  occurred  on  June  7,  1899,  wheMi  the 
water  level  of  the  lake  was  9.8  feet  above  the  crest  of  the  dam,  givini: 
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flood  diaoharge  of  101,000  oubio  feet  per  second,  or  enough  water 
A88ing  each  second  to  ran  the  plant  eleven  days. 

From  March  15  to  April  17, 1899,  the  lake  level  was  more  than  10 
let  below  the  crest  of  the  dam;  and  again,  from  September  16  to 
ctober  23,  it  averaged  about  10^  feet  below  the  crest.  In  all,  it  was 
iore  than  10  feet  below  the  crest  of  the  dam  during  seventy-two 
ays  in  1899,  or  about  one-fifth  of  the  year.  During  these  periods  of 
vw  lake  level  the  following  measurements  of  the  flow  were  taken: 

Diacharge  metuurements  of  Colorado  River  during  low  lake  level. 


D.t. 

LocaUty. 

Gkige  heigrht. 

Discharge. 

1890. 

January  81 

March  13 

FAfMl  of  IftkA 

Feet. 
—7.60 
-9.85 
—10.00 
—10.00 
-10.05 
—10.05 
-10.05 
—10.45 
—10.85 
—10.85 
—10.85 

Seeond-feet. 
210 
107 
206 
288 
186 
208 
267 
184 
184 
105 
186 

MarbleFallg .. 

ForeHfiy  fttdam 

March  15 

Do 

Tailrace  atdam 

Do 

Mftmfi  17. 

Tailrace  atdam 

Do 

October8 

October4 

Between  bridges.  

Head  of  Jake 

do 

October6 

06tober4 

MwbleFaUs 

Head  of  lake 

In  explanation  of  these  measurements  it  is  neoessaryto  say  that  the 
ow  level  of  the  lake  compelled  the  authorities  of  the  city  to  cut  off  the 
lower  from  the  Rapid  Transit  and  the  Dam  and  Suburban  railways 
m  March  20  and  September  9,  and  from  the  tower  lights  on  January 
S  and  September  6.  The  flow  (206  and  186  second-feet)  into  the 
lenatooks  was  then  being  utilized  for  pumping  water,  for  operating 
he  street-car  systems,  and  for  running  a  few  motors  in  the  city.  The 
iffective  head  on  the  turbines  was  about  50  feet,  giving  a  theoretic 
lorsepower  of  850.  The  actual  horsepower  was  about  the  same.  The 
tow  below  the  dam,  at  the  tailrace,  was  in  excess  of  the  inflow  by  27 
md  16  second-feet,  respectively.  The  flow  through  "the  spring" 
npe  was  10  second-feet,  and  the  rest  can  be  accounted  for  by  the 
nomentary  fluctuations  in  the  supply  to  the  turbines  that  ran  the 
itreet-car  systems.  This  fluctuation  was  caused  and  controlled  by 
he  demand  made  by  the  motors  and  the  cars  for  power.  The  Inflow 
leas  controlled  by  automatic  gates  that  responded  to  these  demands. 

The  difference  between  the  inflow  and  the  flow  at  the  station  between 
ihe  bridges  was  81  second-feet.  Barton  Springs  supplied  20  second- 
feet  of  this,  the  power-house  "spring"  10  second-feet,  and  other 
imall  springs  along  the  river  between  the  dam  and  the  railroad 
iridges  supplied  a  large  part  of  the  remainder. 

While  the  city  plant  was  furnishing  power  for  all  of  the  purposes 
nentioned,  the  average  flow  at  the  tailrace  was  about  300  seoond-feet. 
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which  shoiiUl  hiiv«  developed  1,500  liot«epower.  During  the  day  th» 
flow  wm»  Ims  t\mn  during  the  aetixe  hours  of  the  night,  bnl  m^^nre^ 
ii)ont«  take  n  <m  lh<^  tailrace  gave  a  flow  of  21)5  socond-feet.  with  the 
tin  bines  which  rati  thi^  eityV  pumim,  th«3  ^trt'^t-CHr  systems,  aud  the 
Iciity  motor!4  in  full  oiw^mtion. 

AU  iiit*A»aremi.mt«  at  Ih©  station  between  the  railway  and  th#  high- 
way bridges  were  so  coiapletely  t?ODt rolled  by  the  flow  through  the 
penstocks  at  the  dam  that  they  gave  no  indieatloD  of  the  ttnpestrictwi 
flow  of  tlie  Colui'ad<K 

The  minimum  flow  wa«  not  i^ulficient  to  carrj^  the  load  of  the  pumps, 
the  liglit6,  two  ati't^et-ear  systems,  and  the  motors  for  [>ow^r  pUnU 
in  the  eity,  and  when  this  flow  was  decreased  by  the  evaporat-ou  from 
the  lake  surfai^e  {3  square  miles)  the  lake  level  sank  rapidly. 

The  low  stagers  of  the  water  in  IBOS*  can  not  lie  ascrihs^d  to  a 
decreased  annual  rainfall  but  t*^  a  very  irregular  one.  For  tbe  pur- 
pose  of  comparison,  the  rainfall  at  Austin  since  185C,  with  the  exemp- 
tion of  the  years  1882,  1883,  and  1884,  records  for  which  are  not 
obtainable,  is  given  l»elow. 

Rainfall  at  Attstin^  TeieaM^ 


V^r. 

^Paffffplt 

1            Y6»r. 

BmtofaJl^ 

V«w. 

BtttaM 

laie... 

1857 

19.0 
93.0 
8«.4 

38.2 

28.7 
2'i,  ii 
3i!7 
23.2 

m.H 

40.-1 
27,3 

40.1 
38.5 

1S70. 

1971 .._. 

1878 .,. 

Mdbe*. 
4S.5 
30.1 
83,8 
43.4 
46.5 
39.  ;i 

4L8 
2Lfi 
18.  :i 

48. 1 
2ri.3 
40,3 

188T. ,„..-,-. 

1898.....,..., 

23.5 

51J 
48  J 

37-1 
,*i4.7 

16.3 

leea --... 

1SI59..    ------ 

imu        .... 
lWV2-_.-,.- ... 

180a 

lrtfi4 - 

188t„„.__ 

IMftO.    ...     .,. 

18fll. 

1892..,    

1993     ....    ... 

1973. 

1874  ._.-_._. - 

1873 

187H .-. 

1^77 ,.. 

1     T878.    _..  ,_ 

1870     . 

1H80.._ 

1881 .. 

1893  , 

18i)4 

1803..    .. 

1800  .   .    ,,_„ 
18!>T,, .... 

27.5 
31.1} 
21.9 

\Hm., 

2S.1 

\m7  _.  ..    , 
inm ... 

1800..  __,--- 

1908_.. 

23.  B 

1990..-.    ..... 

29.0 

1990..-   _„-. 

The  niinfall  of  1S!»1)  (2S  inches)  was  greater  llian  that  of  1S'«>, 
nearly  (M(ual  to  that  of  1S*J7,  and  greater  than  that  of  ISiM);  but  the 
rainfall  of  that  y<'ar  (ISim)  was  eonoentrated  and  not  distriljuted 
like  that  of  j>revious  years.  In  18l>!)  very  lieavy  rains  foil  in  the 
months  of  A|hm1  and  June.  In  th(^  latter  month  occurred  the  highest 
flood  witliin  the  hist  twelve  years. 

In  the  (liseussion  that  arose  over  the  ])roposition  to  change  tlie  cross 
s(H.*tion  of  the  dam,  as  shown  in  fig.  3,  the  question  of  the  amount  of 
flow  and  its  etTect  on  the  toe  of  the  dam  was  considered!.  Mr.  Frizell 
then  brought  to  the  attention  of  the  engineering  public  the  following 
proof  of  the  formula  of  llow:  Let  II  =  the  height  of  lake  level  alK)Vt' 
crest  of  dam;  .r  =  the  part  of  this  height  that  gives  the  velocity  over 
the  crest;  Q  =  llow  in  seeowd-feet*,  v  =  velocity  in  feet  per  second; 
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A.     VIEW  OF   DAM   FIVE  MINUTES  BEFORE  FAILURE  ON   APRIL  7,  1900. 
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=  length  of  crest;  II  —  j?  =  depth  of  water  on  crest:  Then  r  = 
2gjc  where  2g  =  64.32  feet;  .\  Q  =  v  {U  -  x)  I  =  I  {11  -  x)  s/2gx. 
lis  must  be  a  maximum,  hence  the  derivative  of  (i  with  respect  to 
must  l)e  zero;  hence — 

(>  =  / ^^^P^Jr  - -" 0' ••  ^'  =  ^ "' ••  ^  =  '^-^'^ ^ ^*- 

tlie  case  of  the  Austin  dam,  /  =  lOOl, .-.  Q  =  3362  H^. 
The  formula  generally  used  to  find  the  flow  over  crests  is  ii=rl  II  |. 
ith  a  view  to  t<»sting  the  reliability  of  this  fonnula  and  finding 
e  coefficint  c,  in  January' and  March,  10(X),  measurements  of  velocity 
»re  taken,  with  a  small  Price  electric  meter,  by  Mr.  E.  E.  Ilowaixl,  a 
nior  in  the  engineering  department  of  the  University  of  Texas.  The 
mi  broke  before  tlie  investigations  were  completed,  but  the  following 
tlues  of  the  coefticient  r  were  found : 


TohuUir  statement  of  i'<iIu€h  of  coefficient  c. 


Date 

19(10. 

Jannary  15 

Do   

Do 

Do 

January  18 

Do 

Do 

Do 

Do 

Do 

Do 

Do  

Do  

Do 

Do   

January  26.   ..... 

Do   

Do  

Do   

March  28 

Do 

Do   

Do   

I^ 

Do     

Do 

Do 


09 
09 
09 
09 
73 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
42 
42 
42 
43 
44 
44 
44 
82 
82 
82 
82 
82 


h.io) 


0.92 


.79 
.625 
.625 
.625 
.625 
.625 
.625 
.626 
.625 
.625 
.625 
.625 
.33 
.33 
.33 
.33 
1.04 
1.04 
1.04 
.06 
.90 
.96 
.96 
.96 


S.STi 
3.99 
3.85 
4.22 
3.83 
3.33 
2.87 
2.29 
2.33 
2.33 
2.33 
2.29 
2.37 
2.29 
2.33 
1.57 
1.61 
1.61 
1.61 


95 
95 


5.01 
5. 27 
5.  IH 
5.27 
5.  IS 
5.  27 


3.09 
3.21 
3.09 
8.14 
8.06 
3.06 
8.11 
8.00 
3.06 
3.06 
3.06 
3.00 
3.11 
3.00 
3.06 
3.06 
3.13 
3.13 
3.18 
8.32 
8.82 
3.86 
8. 38 
8.26 
8.;^ 
3.26 
8.  ;^i 


II  Depth  of  wat«>r  tm  <T*»st. 

Floods  of  historic  importance  occurre<l  as  follows: 

Fe*it. 

February,  1848 ...      86 

March,  1S52 .  30 

Jnly,  1869 48 

Octoher,  1870 36 

June.  1899 23 

April.  1900 33 

IRR  4() ;j 
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On  July  3,  IS&j,  Kc^gan  the  longest  and  most  uniiitcfrrnpkMl  rain 
[c*vor  kru>\%ti  in  AiihIIik  It  ntimHl  without  Mopping  for  about  MXt}- 
[four  boiun^^  atul  tlie  river  n>se  to  a  height  of  45  feet-  The  lower  part 
(of  the  city  yxna&  ov4*rf lowed  ami  eeveral  i>eople  wen*  drowned.  The 
town  of  \Vt'bbi?rvill(%  Hi  railed  below  Austin,  was  alm>  nvortlowed.  and 
^Baatrop,  ao  Qiile»i  below,  was  iriurid»t<nL 

ECONOMIC  ASPECT. 

TIh>  population  and  taxable  wealth  of  th#*  cit}-  at  varma*i  tiiii4^££ 
^l^howu  in  the  followinj^  tHbln: 

PoptiMion  and  ia^tabfe  uvulth  &f  Amtin,  Ti^nox. 


f 

Tow. 

lion  of  pflr- 

|7,m)0.ft4S 

10.77.i.723 
10,88MKia 

11,384,734 

L  57a.  580 
359,  &13 
108,30? 
144,835 

iilil 

7.177,11*1 

8J»4,2t*7 
8,S84,4;il 

13.3:^,757 
2.473,843 
2,»ae,063 

3,71»,3IS 

2,«*0.a45 

a,963,u7a 

t&m „ 

Before  the  issuance  of  tlie  ^l,4<.X),t>00  of  water  and  light  bonds  m 
1890,  the  bonded  indebtedness  wa«  as  follows: 

Six  per  cent  bonds  dne  in  IStOl .     ._ _  $19,500 

8ix  per  Of?iit  binds  thm  ui  \m^.  ......     ¥).W 

Six  per  cent  l)onds  due  in  I'.i'jr) . ...    7j,  5no 

Total     .  ...  ..    ..  .  1-35.  <Hhi 

On  May  o,  1S!)(),  the  city  autliorized  the  issuaiu-eof  .si^inujtnn  wa^.i 
and  li.i^dit  l)()n(ls  at  5  per  cent.  The  fn-st  >^400,()00  wcrt^  sold  on  <  )(I<)]m: 
h"),  1890,  to  a  syndicate  of  h)cal  capitalists  at  par  and  accrued  iii!<'rt'>^ 
In  April,  181)2,  tlie  Union  Trust  Company  l)ouirht  '^5()0,('<mi  ..f  ilir 
bonds  at  Oo  cents  on  the  dollar,  and  in  IS!).*)  l>ernard  Coi-riLraii  I*""'-''' 
s<;l>,0()0  of  them  at  l).").  Later,  in  18!);j,  n3S8.()()()  wore  sohl  ai  '•-  ;ni'l 
'^50,()()()  at  ])ar. 

Total  rt'v('i)>t>i  from  homls. 

4r)0  V)Oi)(ls,  at  par .  ,s4.*iO.(X'*' 

502  bonds,  at  liri       .....  .  . .      . ryiVA.  1»0'» 

.ms  bond«,  at  92.. .  . ..         :V^(\.%^^ 

Total l,:i40.M;" 

The  break  in  the  head-uate  masonry  and  the  destruction  of  tlicii'^^ 
foundation  of  tlie  powei*  house  caused  an  outlay  of  >^:»7,(mmi  ahcvfi'' 
e.xpectations,  and  it  was  apparent  that  another  issue  (»f  bonds  woiil' 
be  necessary  to  complete  the  enterprise  as  originally  contemplat»'«i 
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A.    VIEW  THREE  MINUTES  AFTER  FAILURE  OF  0AM. 

A— B  ind  B — C  mtm  portiont  of  dam  first  brokon ,  H — A  is  oMtom  port  of  dam  (83  foot 
long  on  crost)  loft  stondirg. 


B.    VIEW  TEN  MINUTES  AFTER  FAILURE  OF  0AM. 

D'— 6'  b  bfokon  poftfon  of  dam  still  standing ;  B' — C'  is  wostom  portion  of  broak ;  C  is 
•nd  of  wostom  part  of  dam  (456  foot  tong  on  ci««i>  \«\\  «Ui\A;\i>c- 
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Jnd(»r  the  direction  of  the  board  of  public  works  the  followiug 
peuditures  wei'e  made: 

Difbu  rsetnen  t«. 

Engineering  expenses |58, 402. 87 

Dam 611,318.30 

Electric- light  dynamos 7, 700. 55 

EUectric-power  generators 6, 708. 50 

Belting 43.81 

Powerhouse  .. 45,917.»8 

Penstocks,  head-gat«»  castings,  «tc    47, 792. 19 

Draft-tnbe  excavations 2,314.08 

Pump  foundations  . 65?.  00 

Bonds    - 1,237.50 

Htadgates.- 2,122.60 

Slmcepii)es 2, -120.19 

Repairs  on  account  of  break 96, 94 1 .  23 

Whe«tls,  pumps,  etc  43, 418. 02 

Count«'rshaftinj;,  pulleys,  etc 1,20^).  85 

Water  distribution  system 158. 081. 04 

Electrical  distribution  system 115.678.29 

Railroad 87,431.90 

Office  expenses    10,170.03 

Submerged  lands 27,732.15 

Head-gate  masonries 46,934.17 

Power-house foundat ions 11,527.60 

MiscellaneooB 5,875.74 

Total , 1,391,129.64 

The  board  of  public  works  was  discontinued  on  the  completion  of 
»  dam  in  1803,  and  the  city  council  then  assumed  control  and 
.naged  the  plant  until  tlie  water  and  light  commission  was  created 
charter  in  1897.  At  the  time  the  board  of  public  works  was  abol- 
ed  there  was  due  and  unpaid  on  contracts  the  sum  of  *55,80G.87. 
e  water  and  light  commission  had  exclusive  supervision,  nianage- 
nt,  and  control  of  the  wat<»rworks  system,  the  electric  lights,  the 
8\'er  jdant,  an<i  all  projierty,  funds,  and  business  belonging  or  per- 
ning  thereto. 

The  >?:3(Mj,rXK)  of  bonds  issued  in  1895  were  utilized  in  paying  the 
>,rxK)  indebtedness  left  by  the  })oard  of  public  works,  and  in  com- 
fting  the  water  and  light  system,  with  the  exception  of  the  reservoir. 
e  reservoir  was  never  built.  After  a  site  had  been  practically 
well  it  became  evident  that  it  would  be  necessary  to  filter  the  water 
the  lake,  and  upon  the  advice  of  Mr.  Allen  Hazen,  of  New  York 
:,y,  the  sanitary  engineer  called  in  for  consultation,  it  was  deter- 
ned  to  construct  filtering  galleries  in  the  sand  flats  about  2  miles 
low  the  dam,  and  to  transfer  the  pumps  to  a  new  pump  house  to  be 
Kited  near  the  filters.  These  galleries,  three  in  number,  wert^  in 
3ce88ful  operation  when  the  dam  broke.     The  lower  station  was 
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f  »a  Uk 


ttipped  with  h  «^tXMUO(X)-ganoii  pump  arnl  a  30a-ktlowatt  synchronous 
niotor,  which  cobI  *tJ^»380.  The  fllterin^^  gallane$i  and  cofineetions 
t*oHt,  iu  muTifl  numtonj,  f2I,WXL 

No  t*etter  idea  can  be  giwn  of  lh«*  operation  of  the  plant  than  *o 
appt'Bil  a  report  for  the  twelve  montlm  tending  Novenilwr  *Ki*  WMi 


Enrulnger 

Water.-  .... 

Lijjbt  -  ^  .-^. 
Power 


Totni. 


Conected  in  riwh 
Dny  by  cit j  . 

Garnlgh»ei.l  acctmtita. 
Dii«oti  hills.  t?tt'--.-. 


12,777.14 
lS,7«kti 


Totol  ...,_-_„,  .._,. , 84.546*00 

pQT  the  purpose  of  mmparison,  the  i^tH*ipt«  aarl  expenditures  Uw 
iilBt  tiiree  years  am  here  tabulated  i 

Receipt*  find  tiidnMrm^fient»  of  lioitef  piant  at  Av4itin^  Te^ca^t. 


ir«itf««41iqr- 


Ua^^i^tM. 


Novwnb€«rJiO,  1807..-  182,059.44     |3fl,  700.07     $57,831.03       $»4,.>:ia.00 
Novembc-T  au.  I8JW .  >    m.  651 . 05      :iR. ^J.SW.  :i3      38. T-^4. 54         74, 3*63. m 


SILTIX;   riM>F    LAKK  MCDONALD. 

Ill  IS'.M)  (MOSS  sections  of  Colorado  River  W(M-e  taken  at  sixteen  sta- 
tions, as  sliown  in  tlie  tabular  statement  on  pa^e  .'{8  and  in  fi^.  i\.  The 
eoni])lete  otitline  of  the  diai^ranis  in  i'l^.  «;  represents  the  orii^Miial 
cross  section,  tlie  horizontal  line  being  the  water  surface  even  with 
the  crest  of  the  dam  and  the  shaded  area  showing  tlu'  amount  of  silt 
that  had  been  d(^])osited  up  to  b'el)riiary,  I'JOO.  All  vertical  dimen- 
sions are  exaggerated  three  times  over  the  horizontal  dimensions. 
Cross  sections  wei'c  again  taken  for  the  Cnited  States  Geological  Sur- 
vey in  May,  1S1)7,  also  in  January,  I'JOU.  The  silt  deposited  from 
1S!»:)  to  18*.>7  is  represented  by  the  lower  shadcMJ  area,  and  that  deposited 
from  1S*J7  to  llMjO  by  the  upper  shad<'d  area. 

The  water  first  flowed  ovei-  the  crest  of  the  dam  on  May  lO,  ISi^'), 
at  wliicli  time  tluM-e  wer«*  So^^otlJHMi  cubic  yards  of  water  in  the  mam 
channel  of  the  lake  up  to  the  level  of  the  crest  of  tlie  dam;  in  L^'.'7 
there  were  only  r)l,ssi), ()()()  cubic  yar<ls  of  water  in  the  channel,  the 
remaining  :ji,0(J7,on(n'ubic  yai*ds(oi'  ij^  j)ercentof  the  original  capac- 
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VIEW   ABOUT  TWO   HOURS  AFTER   BREAK 


/;.     Vi£/V  ONE   HOUR  AFTER   BREAK. 


J< 
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it}')  being  silt.     Estimated  in  depthn  on  a  square-mile  base  we  have, 
in  1893,  a  volume  of  water  equal  to  a  depth  of  80.0  feet,  and  in  1897, 
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^Ui.  <).  -  (YiMSHections  of  Lako  M<'Donald,  illastratin^;  uirouiu illation  of  sodimeut  between  I8I<^ 
and  1HU7  lillaHtruted  hy  th«>  lower  Bhaded  area)  and  Ix'twei'n  1H97  and  IIKM)  (illustrated  by  the 
upper  shaded  area).    Thv  numljer  atx>vo  each  section  indicates  itH  lent?th,  in  feet. 

Tour  years  later,  we  have  a  volume  of  water  cciual  to  a  depth  of  50 
feet  and  silt  to  a  depth  of  30.9  feet,  showing  the  average  amount  of 
}ilt  deposited  annually  to  1x3  7.7  feet,  on  a  square-mile  base. 
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Tbe  foltominir  inWt^  Atmi^  ttte  mftxf  mtmi  and  menu  <><r|iili:«  of  wat#r 
for  ISd^iititt  lOOOt  thi'  miixiiiium  iiml  mean  ileplbs  of  nilt  for  1900,  and 
the  peit^imtiige  af  sUtiniyr  up  at  lh«  reaipecMve  stations; 
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The  maxiniuni  depth  of  silt  is  not  always  equal  to  tlie  differene^ 
between  the  max  imam  depth  of  water  for  1893  and  11*00,  as  the  Hi^n- 
iK'l  sliifted  at  sovoral  points.  This  is  very  notieeablo  at  station  13.7. 
known  as  tin*  Santa  Monica  (or  Sulj)iuii-)  Sprinurs  station.  The  hi^i 
colnnin  ("Amonnt  of  silting  ^ip/'  etc.)  ^ivps  the  i-atio  tliat  thepreseiii 

cross  scc'tionof.^ili 
bears  to  tlic  origi- 
nal cross  section 
of  Avater.  Tlni> 
at  Santa  Monica 
S])rings  (statitMi 
13.7)  7s.'.»  i>er  ceiii 
of  the  oriiriu.-il 
cross  s(M/ti»)n  lia^ 
tilled  with  sill. 

In  Fe]>riiar\. 
r.Hhi,  there  w(i>' 
43,4r»(\OOn     rubi<' 

yai'(lsof  watcj'in  the  main  clianncl  of  the  lakt^  beneath  the  level  ol 
the  toj)  of  the  dam  (e<ini\;dent  to  4*2.1  feet  on  a  square-mile  base) 
and  -yS.S  feet  of  sill.  Thus  4s  j)er  cent  of  the  oriixinal  storag:e  capacity 
of  th(^  lake  was  at  that  time  mud.  Tp  to  that  date  tlie  average  r>\^^ 
of  (lopoHii,  on  a  s<itiare-mih.'  base,  was  r).s  feet  per  year. 


cnrral 


•<]  t'voHH  soctioTi  of  r;ako  McDonald,  showing'  jkcu- 
mulution  of  soiliment. 
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In  1SH7  this  silt,  to  within  *2  niiios  of  tho  head  of  the  hike,  was  a 
iiie,  impalpabh',  absolutely  jrnlh^ss  deposit,  and  where  newly  ex j)osed 
.vould  not  bear  an  appreeiable  weight  on  its  surfaee.  Th(»  writer  has 
>ften  tri(Hl  its  resistanee  all  alonj^  the  lake,  an<l  an  oar  could  be  driven 
nto  it  several  feet  with  moderate  pressure.  Shovelfuls  of  it  plaeed 
ipoii  boards  in  a  heaped-up  mass  would  immediatc^ly  settle  and 
spread  so  that  th<'  upp<»r  surfaeo  was  almost  horizontal.  A  barrelful 
»f  it,  when  fiiNt  taken  up  at  Santa  Moniea  Sprinj^s,  soon  spread  out  in 
I  Hat  shetM.  At  tin*  head  and  for  about  i'  miles  down  the  lake  the  silt 
•onsisted  of  a  sand  whi<*h  r(»adily  <leposited  wlu^n  the  vcdoeity  of  the 
stream  was  cheeked  by  the  waters  of  the  lake.  At  occasional  points 
fjelow  the  head  of  the  lake  small  bars  of  san<l  were  found  near  the 
mouths  of  small  canyons  or  creek>. 

From   .March   b")  to  April,  ist»!»,  the  water  level  of  the  lake  was  a 


Kuj.  ■>  —  IwiViT  "f  silt  r»Miiaiiiiiijr  on  plaN'aii  !ifr«T  <li'Hfrii«'tic)ii  t»f  diini. 

little  iiHir*'  tliaii  1"  fcrt  l>fl<»w  the  iMM»st  of  the  <lam.  The  water  a^ain 
(•oiiiiiicnctMJ  fliiwin^  ovi'rthe  ci-est  of  th<*  dam  on  A])ril  -1  ami  con- 
tinued to  flow  over,  at  small  depths,  until  June  7.  when  the  river  rose 
Lo  a  height  of  l».S  feet  above  the  crest  of  the  <lam.  This  flood  contin- 
ue<i  until  June  1-,  and  its  effect  on  the  cro^s  sections  n(»arthe  head 
i)f  the  lake  was  marked.  The  se<'tions  at  stations  1  Ij;,  l").!),  17.4,  and 
l.s.'.t  wensj'ouredont  L'  to.')  feet  d<'(*p<'r  than  the  sect  ions  of  l.SI»7,  and  at 
"Station  l.*).'.*  a  sand  bar  was<lepo.sited  on  the  inside  (left )  of  the  curve  of 
rhe  riv<*r,  contract intr  the  channel  to  less  than  half  its  former  width. 

The  tyi)ical  section  illust rating:  the  ratio  of  sill  ami  water  areas  for 
the  whol«»  lake  is  about  midway  between  stations  5.0  and  7.0,  i.  (^, 
ihout  one-fourth  of  a  mile  below  tin*  Chautauqua  wharf.  Fi*;.  7  illus- 
•  rates  this  .s<*ction.  the  vertical  scale  Ix'inj^  magnified  ten  times. 

Fij:.  2  shows  the  conlijxuration  and  p'ojjraphy  of  the  lake  formed  by 


TltK   AUSTIN    DAM, 


I — 

^pi^  slum.    TU**f  rivor,  hh  fthown  by  flg,  1,  for  50()  or  3i>0  miles,  floir» 

'   through  h  hlUy  iHiantry,  from  alcove  Colomdo  City,  on  the  Texas  and 

,    Painlic  KatlmHii  niul  in  it^  course  abstirbs  the  wat^m  of  tho  Coiicti(v 

Uie  San  Sjibn,  tlK^  I.L»imi.  and  the  Pecan  liayou.     All  of  the?  conntry 

dmitifHl  by  thi!>*t!(  inlHiliiHes  h  hilly,  with  the  exception  of  a  fewmileft 

along  the  heaiJ  of  thu  Coloniilo  and  the  Coucbo. 

When  the  brenk  weiirr«4  the  silt  in  the  immediate  vicinity  of  tlift 

flam  would  have  flfiWt*cl  out  had  there  V»een  nr>  wat^r.     Jnst  above  the 

}iart  tjf  the  dam  that  gave  way  was  a  plateau  whose  Murfaec*  was  i>tt 

an  average  about  18  feet  tjelow  thts  erest  of  the  diim»     At  the  time  of; 

till*  hn*Hk  the  lake  level  wa»  11  feetalnive  the  credit  of  the  dam,  makliif 

tliodi^l^ith  t>f  water  on  the  plateau  29  feet.     The  torrent  pourc*<l  iw^r 

thli4  plnti^au  with  immenne  velocity,  a»t  hUowii  in  Pla.   X  and  XL 

1    The  i*ilt  on  the  plateau  wa8  eut  away  with  such  .swiftiies^a  tlmt  ifl 

'    threo  hour?t  it  wa^  ?*w*.»pt  ulinoi^t  clean.     Only  a  ^^^light  anifnint  mmaineclf 

m  can  Ix*  f»ieen  from  iig.  H;  the  men  are  standing  on  the  original  soil 

^^  the  plateau,  the  silt  appt>aring  l>ehind  them, 

^P  In  tlie  main  i  hannel  the  uppc*r  i»urface  of  the  siU'  was  38  feet  below 
tile  crest  of  tlie  dam,  giving,  at  the  time  of  tlie  break,  a  depth  of 
water  in  thi*  main  channel  of  49  feet.  After  the  water  level  dropjK^i 
Ik*]ow  ihe  platean  tlu*  (*nrrent  was  confined  to  a  narrow^  g^^^'g^-  '1"^**^ 
IIockI  I'onlhnnMi  in  the  main  channel  for  se^'^eral  days,  A  week  i\fu*t 
the  failure  the  silt  along  the  shores  of  the  former  lake  was  cut  inlo 
fantastic  shapes  by  the  currents  of  the  river  and  thos^*  of  many  moun- 
tain gorges.  The  silt  in  contact  with  the  dam  undoubtedly  increajseti 
fill'  ]>i'*'NSurt*  aii^hist  it,  hut  that  pni^tioii  of  t]ii^  drnri  across  the  nirnii 
rliaimcl  wild"*'  tlir  silt  was  -JS  feet  deep  and  wliei'c  the  pj-i'ssnn^  was 
i^rcalest  was  oji  a  lifood  hard  rock  foundation  and  siiceessfully 
rosist<'d  it.  There  was  praetieally  no  waterloirged  drift  in  tliissilt; 
the  souiidin.LCs  indicated  nmd  bottom.  The  silt  deposit  kei^t  the  rivi^r 
at  Austin  iiuiddy  for  months  after  the  failure.  (It  is  still  muikly— 
Noveniher  1,  IIKH). ) 

IM.  V^ni,  />,  is  a  view  of  the  lake  from  Mount  Boiinel,  lookinir  up 
the  river,  two  weeks  after  the  break,  witli  the  fi'cshet  still  on.  The 
exti-eiiK^  ri<j^ht-hand  t)art  of  tiu»  curve  is  tlie  mouth  of  Hull  Creek. 

For  purposes  of  coni|)arison,  the  siltitig  up  of  reservoirs  is  be^t 
reduced  to  heights  and  <lepths  on  a  scpiare-iuile  base.  To  derive  an 
expression  foi*  the  amount  of  silt  deposited  in  a  iriven  time,  let  .r  eipial 
dcptli,  in  feet,  of  silt  deposited  in  a  year  by  each  foot  of  water  in  tlio 
reservoii",  and  let  It  ecpial  the  original  depth  of  tlie  reservoir.  The 
<lepths  of  water  are  at  the  end  of  one,  two,  three,  etc.  n  yeai*s: 

First  year,  /»  —  li  .r=—  //  ( 1  -  .r) ; 

S<'Con(l  year,  /m  1  —  .»'»    -  /m  1  -  .»'  )  .r—  //  ( 1  —  .r)  -  ; 

Third  year.  //  ( 1  -  .r  )  ■  -  //  ( 1  -  .r )  -.r^^  h  {{  -  .v)  ■ : 

Fourth  year.  //( 1  —./)"  —  //( 1  —  .*• )    .r ^-  //  1 1  —  .r  )  '. 
Heuce,  if  we  let  (/  =  depth  of  water  in  u  years,  we  have  tl  —  h  { I — ./•)-. 
hi  l,sj)7;/:^si,  ^/_.-,0.  ?/-l:  .-.  .»—().  11 ;}.-). 
[n  UW  we  have '7--0.r/2h,  n-<S^,  a— .^V^^- ^».''-:  .'..'-O.Oim;;. 
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/;.     ViEA   WEbTERLY   ALONG  LiNE  OF   DAM   ONE   DAY  AFTER   FAILURE. 
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For  safety  let  us  assume  the  least  value  of  x;  the  following  table 
gives  the  results  for  each  year  on  that  assumption : 
Table  shmring  ailting  vp  of  resenmrs. 


1 

u  yc*ar8. 

Amount  of  ' 
water.  rf+/i. 

0.907 
.822 
.745 
.676 
.612 
.  555     ' 
.  520 
.503 
.  456 
.414 
.8-1 5 
.:U0     j 

12. 

18 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

25. 

30. 

40. 

H  years. 

:  Amount  of 
water.  ef-i-/i, 

. ..        0.1^8 

o 

.  279 

8 

4 

... 

.258 
.230 

5 
6 

1  . 

.  208 
.189 
.171     1 
.  155     ■ 

8. 
9 

.191    ! 
086 

10 

.  058 

11 

.020 

^ 

-^ 

^ 

^ 

"^ 

t*M 

w 

^ 

^ 

^ 

^ 

^ 

^ 

sffr 

y 

y 

/ 

/ 

Depth. 
1.0 

0.» 
0.8 
0.7 
0.6 
0.5 
0.4 
0.» 
0.2 
0.1 
0.0 


These  n^sults  will  not  l)e  correct  for  any  rcs(»rvoir  in  which  there  is 
an  appreciable  current  acting  on  tho  lK)tt()ni  of  the  basin,  i.e.,  on  the 
upper  surface  of  the 
silt.  In  Lake  Mc- 
Donald the  level  of 
the  water  could  sink 
to  10  feet  l)elow  the 
crest  of  the  dam  and 
there  would  still  be 
a  fair  current  in  the 
penstocks,  as  the 
bottom  of  the  fore- 
bay  was  12  feet  be- 
low the  crest.  When 
this  condition  ob- 
tained, as  it  did  dur- 
ing the  months  of 
March,  April,  an<l 
October,  1S0!»,  there 
was  a  current  on  the  upper  thii-d  of  the  lake.  Unless  the  lake  was 
drained  by  the  tliree  .'J-foot  pii>es  at  the  west  end  of  the  dam  (which 
did  not  occur  after  1803),  it  was  not  possible  for  the  current  under 
ordinary  conditions  to  affect  the  silt  in  the  lower  two-thirds  of  the  lake. 
The  results  of  the  table  are  illustrated  in  fig.  0. 

FAILiniE  OF  TIIF.  DAM. 

At  Au.stin  ihc  Colorado  emerjres  from  a  mountainous  country 
wliich  extends  for  a  distance  of  over  200  miles  in  a  northwesterly  direc- 
tion. The  channel  al)ove  Austin  is  for  tlie  most  part  a  sinuous  gorge 
held  in  by  limestone  mountains  and  hills.  Austin  is  at  the  foot  of  a 
long  range  of  mountains,  37,000  square  miles  of  which  afford  a  drain- 
age area  for  Colorado  River.    The  river  is  fed  by  the  Perdinales,  the 


ill 

Fiii.  9.— ('urve  illuHtratlntr  xtrogrenH  of  Kilting  in  Lake  McDon- 
ald. 
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LIaiiOi  the* San  Sa1i«,  th<*  Conoho,  and  t he  Fttmn  IJhj mu    The  eonliinim- 
tion  of  ilH^iHjurilry  i^  wph  that  thp  water  runsoff  rapidly  into  !(treftm&  | 
From  1  p*  in.  on  April  11  to  4  h.  m.  on  April  7  there  was  a  nunfall' 
of  5  inchcH  ill  iniii  in  tho  vicinity  of  Au?(tin,  in  »  mountHinuiis  mnin- 
try  and  on  grround  iilixmdy  wH*     In  addition  to  thif^,  ti\*mendous 
rainn  fell  all  along  the  Colorado  and  it^  tribntaries  fruni  Austin  m 
far  up  aH  Llancn  a  di^ntanee  of  over  1(X>  milei*.     Th*^  riviM-  rose  rapidly, 
and  by  10  a*  m*  on  Saturday,  April  7,  it  wai>  apparent  that  the  dam 
would  \w  ealled  np*>n  to  with*?tand  the  biggest  fiiXHl  sinct^  water  lii-st 
wert4*d  its  ei*oHt  on  May  UK  IHOU,     At  that  hour  the  water  level  of  the 
Iftki*  was  more   than    10   ft^et   atKive  the  er^st  of  the    dam   and  it  i 
wan   rii^inj?   nearly    2   feet   an  hour.      The  ^roate^t   pi^evioii!*   flood 
height  oeeuTw^d  at  S*  p,  m.  on  June  7,  1899,  when  the  lake  level  was 

9,8  ft*i^f  above 
the  erest  of  thu 
dam.  The  water  ^ 
rosit  rat  her  grad- 
ual I J  through' 
outthedayt<oiu| 
maximnm  leY<*I 
of  ft, 8  feet.  PI. 
IXj  B^  gives  ni 
view  of  the  flood 
of  jnne  7,  isii:*, 
token  when  the 
lake  level  was 
iK'2'i  feet  ;UH>ve 
the  crest  of  the 
dam  and  the  wa- 
ter level  (Mily 
'22  inches  lower 
than  tliat  of 
April     7,     liKX); 

and  PI.  IX,  J,  is  a  repi-oduction  of  a  sna])sh<)t  picture  taken  with  a 
small  kodak  five  minutes  ])ef()re  the  dam  broke.  It  shows  con- 
clusively thai  there  was  no  drift  in  concentrated  masses.  Isolated 
h)LCs  and  debris  wei'c  j)assin,ij:,  but  they  never  came  within  8  feet  of  tlu' 
<'rcst  of  the  dam. 

At  ll.-i)  a.  m.  on  Apiil  7,  when  the  lake  level  IukI  i-eached  a  heiirht 
of  1 1.07  feet  abo\  c  the  crest  of  tlie  dam,  the  dam  gav(»  way  at  the  poiiU 
mai'kcHl  P>  iji  lii^:.  10,  about  :{oo  feet  from  the  east  end  of  the  dam. 
<)bs(^rvers  at  K,  F,  and  11  all  a^i"e(^  in  theii-  testimony  thai  it  fii>t 
opened  at  1>,  and  as  thoutch  the  mad  cuirent  had  simply  pushe<l  its 
way  through  the  structure.  Sooner  than  it  takes  to  write  these  woixls 
the  tw^o  sections  AB  and  BC,  each  al>out  l^50  feet  hnig,  were  shove<l 
or  pushed  into  the  lower  positions  A'I>'  and  \VC\  about  'Jo  feet  from 


Fig.  IOh— Pisn  showhig  trroftk  in  dam  Aprfl  T,  iwn.    KO  Is  wectem  part 
of  rlnm  f  ij'WfHPt  lontr  on  er*«it>  left  eitfl,mling:  HA  is  unlit tTtj  jwirt  iKl 

ff'ot  lon-jT  on  crost )  lt»rtstan  iiiip:  ABand  P.('aro  portions  of  dam  first 
broki'Ti;  xymn  is  dynamo  room  at  i'o\v«m' honso:  f^  is  ])nmp  room;  L 
is  jioint  from  which  virw  sliown  in  PI  XV.  .1,  was  taken;  F  is  p(.int 
Irom  which  viow  shown  in  PI.  XIII,  ,1,  wjus  taken:  O  is  point  from 
which  view  shown  in  PI  XIII.  /.'.  was  taken:  ]M  is  j)oint  from  whicli  view 
shown  in  PI.  XI,  .1,  was  taken;  K  is  point  from  which  view  shown  in  PI. 
TX,  .  I,  was  taken;  HS  i  l.nlkhcad;  B("  and  D'A' are  portions  of  dam 
that  broki' and  disajipearcd  4.")  minntesafter  break:  B'D'  is  tlie  broken 
portion  of  dam  still  staiiding:  S  is  point  from  which  view  show^l  in 
PI.  XI,  /?.  was  taken. 
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heir  former  positions  in  the  dam.  There  was  not  the  slightest  over- 
iirning.  -tVfter  the  warning  break  at  B,  the  water  over  the  part  ABC 
ras  seen  to  rise  several  feet,  and  tlie  next  instant  the  pent-up  watei-s 
rere  pouring  over  the  sections  A'B'  and  CIV. 

The  view  shown  in  PI.  X^  Ay  was  taken  at  11.23  a.  m.,  or  three 
Ainutes  after  the  failun*.  The  paits  may  ])e  identified  l)y  comparing 
*1.  X,  Ay  with  fig.  0  and  with  the  sketch  plan,  (ig.  10,  the  view  shown 
n  PI.  X,  Ay  extending  slightly  teyond  C  in  fig.  10.  By  11.30  a.  m.  the 
ake  level  had  fallen  to  the  crest  of  the  dam,  and  the  sections  A'B'  and 
5'C  were  seen  t  o  l)e  upright ,  each  st  ill  a  solid  mass,  completes  un])roken, 
ind  intact,  except  for  the  scaling  olf  of  the  granite  facing  from  the 
lownstrt^ani  side,  occupying  a  positicm  practicall}'  parallel  to  the  dam, 
I  view  of  which  is  shown  in  1*1.  X,  By  a  snapshot  taken  ten  minutes 
kfter  the  break.  To  the  casual  observer  the  detached  portions  at  this 
ime  had  the  appearance  of  having  been  erected  in  their  new  positions 
)y  the  original  contractor.  The  crests  of  the  sections  A'B'  and  B'C 
vere  about  on  a  level  with  their  original  positions,  except  at  C,  where 
he  crest  was  slightly  higher,  giving  B'C"  a  slight  longitudinal  dip 
owanl  the  power  house.  Measuring  along  i\w  crest  the  break  left 
50  feet  of  the  dam  (KC  in  iig.  10),  at  the  west  end  and  83  feet  (AH) 
.t  the  east  end  still  standing  unaffected. 

As  soon  as  the  sections  were  broken  out  and  moved  to  the  positions 
i'B'  and  B'C,  the  partially  pent-ap  watei-s  rushed  through  the  gap, 
hose  held  l)ack  by  CK  producing  a  strong  current  in  the  direction  of 
he  power  house.  This  current  struck  the  wall  of  the  power  house 
.Imost  on  a  level  with  the  floor  of  the  pump  room  (about  12  feet  l^elow 
he  crest  of  the  dam),  crushed  in  all  of  the  windows  on  the  west  side, 
[oo4led  all  of  the  lower  stories,  and  caught  and  drowned  live  em- 
)loyees  and  three  small  boj's.  Two  of  the  employees  mira<}ulou8ly 
'Seaped  by  climbing  through  a  belt  hole  in  the  dynamo  room  (x  y  m  n, 
ig.  10).  These  workmen  were  pumping  water  from  the  lower  x)ortions 
tf  the  j)ower  house. 

At  12  o"clo(*k,  forty  minimis  after  the  break,  the  broken  sectiim  IVC 
urned  over  toward  the  dam  and  disappeared  beneath  the  torrent, 
md  the  <*astern  end  of  the  section  A'B'  wa>s  broken  up  and  engulfed. 
This  left  about  KX)  feet  (BT)'),  which  was  shifted  slightly  out  of  its 
parallel  position.  This  secti(m  (B'D)  was  cracked  from  the  ci*est  as 
ar  down  as  could  be  se(Mi.  Sometime  during  Saturday  night  the 
imallest  portion  of  this  l<«>-foot  section  was  swept  away.  The  picture 
•eproduced  in  PI.  XI,  Ay  was  taken  from  the  top  of  the  bulkhead  at 
J  p.  m.  on  Saturday,  April  7. 

At  12.05  a.  m.,  Sunday,  Ax)ril  ^i,  the  northern  two-thirds  (x  y  m  n, 
ig.  10)  of  the  west  wall  of  the  i>ower  house  gave  way  and  fell,  taking 
vith  it  the  roof  over  the  dynamo  room  and  wrecking  the  correspond- 
ng  part  of  the  east  wall.  The  power  house  was  108  feet  by  54  feet, 
ind  had  a  total  height  on  the  river  side  of  112  feet.     The  walls  were 
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[*Ti4*k,  e3£W|if  rhi*  first  20  feet,  which  wi^po  <*0a»*trueU*d  of  dre&^ 
trriinit4*  t-m^ki*  liljinit  2^  feefc  by  5  feet  by  3  {m%.  The  dynamo  floor 
(x  y  m  II,  li|f.  UV)  W4i><  iilKiiit  on   i%  lovt^l  witli   ttic  t'^i'e&it  of  the  dara. 

I  The  fl^Mjr  nf  tint*  n>otn  t^xk^nded  ti>s  a  ja^nllery  nver  the  pump  mom 
(P)  in  wKicb  the  big  duplex  piimp^  wi^re  locHti^l* 

TIk*  hroktm  (*eetioni§  inov*^^d  back  fitjout  GO  feet  and  tlie  toe  nesst^d 
on  the  shore  line  of  the  Uiilm<?(*-  The  Impai'i  nnd  the  resultant  eom 
pFeasive  »tre»»^  on  the  sterner  on  the  cnrved  face  toi^*  the  granite  f acting 
loom  from  the  corf*  in  several  placets.  The  section  was  stt'ipjied  of 
iti*  failing  *itonef»  in  the  third  exHirse  from  the  top  im  Inrduwn  a^cottld 

j  be  eeen,  a  dist^nee  of  fiilly  80  feet.  St>me  of  the  top  granite  litonei 
of  the  w^<*tioii  were  looi«*iied  in  their  beds  by  the  bi^nk  and  were  ear^ 
ried  away  by  thij  current* 

Spf*t*tmetirt  of  I  lie  rement  of  the  fore  have  beam  exammed  and  thes^ 
have  been  found  U>  be  tirwt  eta^s  in  eveiy  particular.  In  aomeplaet^S 
bn^akK  aceurreil  through  litnestone  rubble  and  the  inthering  eemenfi< 
!;huwtng  that  the  strength  of  the  joint  wan  superior  to  that  c»f  tbt. 
Ltjnestone. 

I  The  behavior  of  the  granite  facing  indicates  very  clearly  that  ii ' 
was  eaaily  pulled  off  by  the  iaimense  forces  bixiught  into  ptay*  Th©< 
impact  eracked  the  sec* t ion  along  an  irregular  Burfaee  aliout  42  feeti 
hi>low  the  crest, 

The!t>  was  not  sufficient  c-ontinnity  between  the  rubble  core  and  th*^ 
gnuiito  facioff.  There  were  slight  irregularities  in  the  line  of  coatact 
between  thegrauit^  and  the  rulible,  but  when  subjected  to  the  power- 
ful forces  of  the  water  pressure  the  two  separated  at  many  places. 
In  a  few  cases  isolated  ^i*auitc  blocks  on  the  curved  crest  were  force*! 
from  their  beds,  as  shown  by  the  dark  spot  on  the  curved  crest  in  PI.  X,/>. 
'I'he  niaxinnim  depth  of  tlu^  water  near  the  dam  was  only  •)8  feet 
l)el(>w  the  crest.  'I'hus  at  the  time  of  the  break  the  total  depth  was 
a  little  mon^  than  4l«  feet.  The  lake  had  silted  up  from  the  oriirinal 
l)e<l-ro<*k  bottom  in  the  main  stream  exactly  30  feet.  Ihid  there  been 
no  silt  a  mu(*h  larii:er  volunu'  of  water  would  have  passed  and  tht* 
I'csnlts  have  been  more  disastrous  at  and  below  the  dam.  Wliile  thi^ 
silt  would  How,  it  was  slu«^gish  and  served  to  retard  the  current, 
thus  prolon^in,!^^  the  Hood  several  hours  (it  actually  continued,  witli 
irreat  v(docity,  for  nearly  two  days).  Within  twenty-four  hours  \\\v 
river  level  had  fallen  moj-e  than  40  feet,  but  this  only  served  to  con- 
line  the  flood  to  the  main  channel,  with  little  diminution  of  velocity. 
At  i3.-J0  p.  m.,  four  hours  after  the  dam  l)]-oke,  the  water  level  had 
dro])j)ed  :}()  fe(4  and  was  at  the  hiij^li-water  mark  of  the  old  <dianncl, 
cuttinj^  the  banks  both  above  and  l)elow  the  <lam.  Below  the  dam 
the  alhnial  banks  reached  a  heifrht  of  i>4:  feet  above  the  toe  of  the  dam. 
This  whole  mass  was  in  a  few  hours  cut  back  40  feet.  The  etTct 
of  this  continuous  flood  on  the  silt  d<-i)Osite<l  in  the  lake  since  ]>'•;• 
is  considered   under  the   hcadinir   **Siliinir  nj)  (»f    Lake  McDonald/' 
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almost  certain  that  the  dam  failed  by  sliding.  It  seems  that 
nut  300  to  400  feet  from  the  east  end  the  limestone  upon  which 
,m  rested  was  of  a  friable  nature.  Mr.  Frizell  realized  this,  and 
stated  to  be  a  part  of  his  plan,  had  he  continued  in  charge  of 
)rk,  to  reenforce  the  bottom  of  the  river  just  below  the  dam  by 
3nt  foundation  about  100  feet  wide  by  600  feet  long;  it  was  also 
,Ty  to  his  purpose  to  have  the  water  of  the  t^ilrac^e  run  along 
3  of  the  dam. 

>rder  to  ascertain  whether  any  of  the  foundation  of  the  dam 
18  in  the  broken  gap,  soundings  were  made  in  June  and  in  the 
part  of  Oetol)er,  1900.  Three  lines  (A,  B,  and  C)  of  soundings  were 
parallel  to  the  upper  face  of  the  dam,  namel}^  at  2,  1().5,  and  42 
espectively,  from  the  upper  fa(re.  A  cord  was  tagged  every  20 
nd  the  soundings  were  made  with  a  sharpened  three-fourths- 
ron  rod.  Stations  were  taken  west  to  east.  The  following  table 
the  result  of  the  soundings,  the  depth  l>eing  measured  from  the 
)f  dam.  When  the  October  soundings  were  made  the  water  sur- 
ras 56.1  feet  l>elow  the  crest  of  the  dam.  The  rod  soundings 
idded  to  this  to  give  the  deptli  recorded  in  the  table. 

'jfult  of  soundingH  taken  at  Austin  dam  nite  in  June  and  October^  1000. 


tation. 


Line  A. 


Line  B. 


Line  C. 


^^/"    '    Bo*^"-        ^iSlt*"        ^^^"^     I  ^£tl'"        ««*to™- 


Water's 
edge. 
7:3. .") 

69. 5 
Oil.  9 

:o.« 

71.1 

7J.  3 

a  72.0 

a  72.  ;J 

«71.9 

(171.3 

a  70. 9 

a6.S.  1 

Deep 

sand. 

...do.. 

Water's 

edge. 


Dam . . . 

I  Sol  id 
rock. 
...do.. 
...do  ... 
-  do  . 
...  do  . . 
do  . 
...do  . 
...do  .    . 
..  do 

....dc  . 

'.  .do  ... 
....  do  .    . 


Waters 
edge. 
09.1 

09.1 
70.1 
71.1 
72.6 
72.6 
72.9 
73.1 
72.1 
71.1 
69. 1 
08.9 
07.1 

6:3.0 
0:j.l 


Dam 

Sol  id 

rock. 

,...do  ... 

1 do    . . 

-  do.   . 

.    do... 
L.-.do  ... 

...do... 
.  .  do  ... 

...do.  . 
:....do  .  . 

...do... 
...do     . 

Mud.... 

Gravel . . 
...  do  ... 


Waters     Dam. 
edge. 
63.1  1  Solid 
rock. 
67.9  '        Do. 
68.4  I  Mad. 


I 


ov.  r> 

70.1 
70.9 
71.3 
72.5 
72.4 
72.0 
73.5 
73.1 
71.3 
71.0 
09.0 
08.1 

07.9 
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Solid 
rock. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Sand. 
Rock. 
Mud. 
Gravel. 

Mud. 
Loose 

rock. 
Water's 

edge. 


a  Sand  was  found,  bat  the  sounding  n>l  wan  driven  through  to  solid  rock. 
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THE   AlfSTlN    DAM. 


U  Wo  rmnemlx^r  tljat  the  height  of  the  dam  nbove  tlio  rocky  bed  of 

[Iht*  river  w^  «JG  imt^  imd  that  the  fuundation  wtia  Bot  (ffxcvpt  as 

[tiJ>t^?U  on  the  noxt  jiajfi^  hy  Mr.  M  W.  Gmves),  t'Veii  with  itM  toe*hold, 

lore  than  68  ft*©t  l^^hiw  Ui*^  vrost,  a  ^'lanct*  at  tho  fort*s?oiiijtx  table  will 

|convinee  anyone  rhat  m>  part  of  the  foundatiou  in  tli#>  wt-sterw  W 

f^t   of   tilt?   brok«^ii   ^rH'thiii    nutmiii!^.     From    tht*   presient   ordumry 

IcaHteni  watiir\Nt  e<lgi.*  h  Iwrj^r^.^  miml  Imnk  extendi*  along  tli*^  entin?  i^as- 

|t<*r»  !^<'etiori  Htill  roitiairiiiig.     Si>ii ridings  were  not  maile  through  iim 

iO'Umi  mitid  bank,  but  thu  t*rej*l  of  the  l>ig  «4c*ctioii  of  Lht?  datn,  sliin\ri 

In  all  of  th*-"  vie«^^  of  the  bmken  part^  in  only  4  ftiet  hjwur  tban  iW 

of  llu'  |K>rt!on  HtHudini^^  which  irKlie^tCK  %-ory  olearly  that  ih 

l4j(itit»n  wiMit  wit  h  it,  as  it  is  reHting  practically  in  the  oM  iaili 


l3»ed  wa«  lower  than  the  l>ed  of  the  dam. 


rao^_ 


fee*     I 


On  April  8,  IHUU  (four  yearn  bt*foi^  the  daui  faih*cl),  iti  a  letter  U> 
the  mayor,  &Ji'.  Frijitdl  ealled  att-ention  to  the  fa<?t  that  dau^^roi 

|ahraMi(in  might  wenr  ut^ar  tho  pqlnt  ttientiainicU  i-  e-t  liW  Ui  4<J0  6 
from  the  vimt  end.     Tli#.>  wat^^rn  of  the  taiirai'e  follosved  the  Nm^  of 

^diun  fully  iM)  feet  and  wen*  di?H*liargiid  tlironKb  a  narixiw  neck  4^^  feet 
ridot  at  an  average  depth  of  2t^  fool  during  t hi'  dity  iitid  about  3  f^t 
It  nij^ht  when  the  full  ptjwcr  wai^  on,     lu   Marcli,  1899,  the  writi?r, 

^Ith  Mr,  H,  K,  Seltzer,  made  s^jundlng^  along  the  toe  of  thi^  dftm 
tween  thii*  nHnH>w  nw'k  and  the  jKiwer  h*>ii!*e.  At  or  near  tho  i»yiut 
fier«i  the  break  oi^mm^d  the  bottom  wasi  not  rcuiched  with  a  po<l  ^^3 

Ffeet  h>ng,  even  when  the  hand  holding  i(  was  thrust  at   leaM  "2  tM 

Vbelow  the  surface.  The  wat«r  surfaee  of  the  tailrace  was  then  t^ 
f<n"l  Ik'Iijw  flir  Uii*  nl"  tlu*  duni.  This  makes  the  bottom  of  tlir  tailm^* 
more  tluiu  ''."»  tVi't  beluw  tlir  lop  uf  llie  h^L*  of  diiiN.  Th^  t^iilrace  il*"3tJ' 
tlh' d;iTH  |k!is?iimI  i^vio'  a  ^hoMbliki*  I'nnniUiort  uri<l  rnlond  thr  hiilnic'^ 
]innij  ahn!i!  "iH  iVel  friiTii  fhcriisl  i  inl  uf  1  In*  dailL  I  St^l  w  I'eiMlil^  p^'Ul' 
and  tlie  narr'ow  la'rk  alludrd  to  lh(^  tailrace  was  boniidcMl  In*  tlu' !<»♦' 
of  tlic  dam  ami  an  rlli])li('al  sliorc  lino.  Its  maximum  width  was  !-•> 
feet,  its  narrowest  width  (at  the  iieek)  b")  feet.  It  was  at  this  iierk 
tiiat  many  measurements  of  flow  were  made  during  18SS  an<l  bSSO  f"i' 
tlie  biiited  States  (Teolo.uieal  Survey.  In  March,  1890,  simultaneous 
measujM'inents  wiM'e  made  of  the  tailra4*e  at  tliis  ueek  and  of  the  fon- 
bay;  and  wliih'  the  flow  through  Die  tailraee  exceeded  that  in  llu' 
forel>ay,  tln^  dilTerenee  was  not  greater  than  could  l)e  accounted  f"' 
by  the  Ibict  nations  of  flow  eaused  by  iiu*reased  demands  on  the  str^t- 
car  service.  Kai*l\'  in  L"*>9'.»,  wlien  the  lake  level  was  b)  feet  ])elow  tin- 
crest  of  tin'  <lam,  the  writer  urged  some  of  the  authoi-ities  to  shut  oiT 
all  powei'  some  night  at  12  o'clock,  and  after  the  tailraee  water  h.i'i 
ruji  ofT  to  have  the  How  measured  in  orde/'  to  ascertain  the  Icakap". 
if  any;  ])ut  there  w(M*e  didlcultii^s  which  prev<Mited  the  sto[)[)iii.iz  "' 
the  works.  It  is  pi'obable  that  there  was  no  leak  under  the  dam  i'v**^''^ 
the  lak<\  Watei*  from  tho  lake  going  under  the  dam  would  have  Ix'ii 
under  a  head  of  0»J  feet,  and  wouhl  have  enu-rged  with  a  velociiy  •»* 
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more  than  64  feet  per  second,  which  would  have  cut  away  the  lime- 
stone foundation  in  a  few  hours. 

Mr.  E.  W.  Groves,  who  was  connected  with  the  work,  as  an  engineer, 
from  the  preliminary  surveys  to  the  completion  of  the  dam,  states  that 
for  the  first  150  feet  from  the  east  bluff  very  good  rock  was  found; 
that  at  that  point  a  fault  75  feet  wide  was  encountered,  in  which  there 
was  no  semblance  of  stratified  rock,  most  of  the  material  being  adobe 
or  pulverized  rock,  with  an  occasional  streak  of  red  clay;  that  the  exca- 
vation in  this  space  was  carried  down  8  or  10  feet  in  the  upstream 
trench,  and  the  trench  widened  from  4  feet  to  10  or  15  feet;  that  the 
fault  extended  to  an  indefinite  depth;  that  from  the  west  edge  of  the 
fault  tlie  foundation  rock  was  poor  for  350  feet,  and  that  a  supple- 
mentary protection  was  added  to  the  upstream  side  opposite  the  fault 
by  dumping  clay  along  the  face  of  the  dam. 

The  limestone  formation  in  the  vicinity  of  the  dam  consisted  of  alter- 
nately hard  and  soft  strata.     The  outcropping  in  Bee  (.'reek  (just  above 


Fi<;.  11.— <.'ro8«  Hectiou  showing  undermiiiingrof  toe  of  dam. 


the  dam),  that  at  Taylor's  lime  chute  (about  a  half  mile  above  the 
dam),  and  that  through  which  the  excavation  was  made  to  repair  the 
head-gate  masonry  are  all  of  that  character.  The  soft  strata  could 
be  handled  without  a  pick  and  often  with  a  shovel,  but  the  hard  strata 
was  <'omposed  of  a  fairly  good  quality  of  limestone.  In  its  western 
j>art  the  dam  rested  on  one  of  these  hard  stratas.  During  a  freshet 
•  in  1S02  the  overfall  cut  through  this  hard  strata,  tore  up  large  pieces 
(some  of  them  10  feet  long,  4  feet  wide,  and  2.5  feet  thick  and  of  7  to 
8  tons  weight),  and  deposited  a  whole  quarry  in  a  confused  and  irreg- 
ular i)ile  about  150  to  200  yards  farther  down  the  river.  These  stones 
remained  in  that  location  until  the  big  freshet  of  June  7,  1899,  when 
they  were  carried  away. 

The  foregoing  facts  are  nec(^ssary  for  a  proper  understanding  of 
what  follows.  In  1897,  Mr.  J.  G.  Palm,  one  of  Austin's  leading  citi- 
zens and  a  cashier  of  the  oldest  national  bank  in  the  city,  while  fish- 
ing along  the  toe  of  the  dam,  ran  his  fishing  pole  under  the  toe  for  a 
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•3  dmtaiiee  of  n  feet*    Thin  showii  ^oneln- 

^  Bively  that  either  the  water  flowing  along 

II      If  fhe  t4itlriice  had  &eoure<l  oui  th^*  fmin- 

5  I  dation  nnder  the  toe  of  iht-  fhiiii  or  Oji* 

*  5  nvf*rfallhig  water  had  undermined  it.  A 
I  &  large   percentage  of  the  water    fluwinit^ 

I  I  i»\'er  the  east  half  of  the  dam  at  ortiinan* 

I I  height  n*en forced  the  tailnw'e  watenji  and 
S  I  produced  a  i?lrong  eiirrtiiit  along  the  toe 
^  I  of  the  dam  for  more  than  half  it«  Jength. 
i  I  It  liaB  now  iR'ien  pix»vod,  l>v  aetnal  meas- 
jjS  iirt-ment^.  that  the  toe  was  cut  under  at 
S  *  Honie  lilaoe,  as  shown  in  tig.  1 L     In  Kpt^ak- 

*  I  Ing  atM>ut  the  matter  Mr.  Palm  »aid  that 

I  I  he  often  wouder**d  why  the  to©  did  not 
|«  break  off.     This  undermining  of  th^  t«e 

I I  left  the  dam  exposed  to  the  pressure  of 
|jf  tini  water,  and  it  1>eeame  only  a  question 
^  o  I  ^f  whieli  wins  the  stronger— the  water  ot 

^  *  1  tlie  friction  lietwet^n  the  dam  and  its  bed. 

>  ^  E 

ST.  a  In  ivgnrd  to  the  ^liologie  formatioBS, 

^  S|  the  following  if*  quoted  fi-om  a  letter  of 

j^^i*^ta^      $1^  Mr.  lioliert  T,  Hill,  of  the  United  states 

^  4  Oeologieal    Kiirvey,  in  the  EngintH^riD;: 

S  ^  NewH  of  May  3,  IDOO: 

t;  ^  Tn  The  plateau  ctniiitTy,  \v~hic'h  Vieg-m^  jittout  a 

ii  '^  milt' above  tlie]»r<'?^eiil:  site  i if  t lie  dam  i In '-t rata 

y  5  art'  firm  and  hori/OTihil,  lusO  tii^^  n^^i^r  tlnftso^er 

h  1=  It'dji^csor  firm  and  soliil  rci^k,  wini  h  \ro\i'il  liave 

^  t  matlc  a  BuitahU'  aiRl  (hiralvli^  f  luml^itioii  tL>rthe 

't  ^  L'ouiitnn  tioji.     Ju8t  Itc^liswHiin  point. aiiti  witbio 

^  S  a  he]  1 1  >  f  i;  0  n  n  t  r y  u  j » m  w  h  i  oh  t  li  f^  tl  a  i  n  i  s '.  i:i<  -at  rd , 

'^  X  tlio  Htr;UH  ;iri'  tv\ce-iiive,y  joiiilitl  ami  'aultetl 

^  ^  (onstitiitijiiL:  %vliiit  i^  trihn. rally  kiinvn,  as  lliP 

^  I  JlttU'f>iirfl  fault /oue»  ai^^  shown  m  |  tig.  li],    Tii^ 

Ji  j;jiHj]t>;^Mfa1  funnatiiiit  ii?i  al^n  diflireut.  i'ijUt-i-^T- 

.^  Z  iniif  of  the  limefstcjiieF5  of   the  Ed^varil^  funiM* 

fy-^  t i  f  m .  which  a  r <  m  x  i  -eetl  i  u  l^I  }  j  h:i  ro  n  -^  n  n  tl  j^  >1  n  1  lU  ^ 

J  ^  whiU.'  tn  th<' west  of  the  fault  zoiw  the  -trrnirt 

-7  p  ure  less  s<»luble  aTid  more  ilTirahl*>,     T'ir  rut'  s 

-  ^  uf  the  stibt^-rrsnoan  waters  upnu  the  Edwiif't^ 

^£  5  limestone  results  in  dissolvinir  it  int't,  <  iivem- 

_k  I  and  ernniblini^  Btratii.  ei  eu   wheT>^  at   tiit;  mT^ 

jj  f  fjiceitappearapPTfortly  ^olidanil  <l-]r.ib^\     Fiir 

^~~~~             i___^  Z-  .^'  3  lherniv>re,  artesian  Hprm^s  of  grt-m  >.■  uiur  c.  . 

1*1/?  _:i'"Ri'?^K^^^i  '      ::  pnssnre  well  u]>  the  joint  planer  aii'l  i-ssiirt-in 

^  this    foriiuition.     The  site  of    the   dani   rlK'-^n 

T  I                    r  I  crossed  th^  river  sab])ar:i;iel  to  one  .>f  th»^  iuo?t 

_pj                    *|  conspienons  fanlt  lines,  at  the  u.)r:}ieni    •  a^t• 

>                       -^  ern  i   end   of  which,   after   the   excav.ition  aiiJ 
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coDBtniction  had  well  mdvanoedy  a  spring  of  the  character  mentioned  dereloped, 
which  greatly  endangered  the  tie-on  at  the  end  and  coat  many  thoosands  of  doUars 
to  circnmvent.  *  *  *  Had  the  dam  been  located  lees  than  2  miles  above  tiie 
present  site,  this  stmctnral  condition  wonld  have  been  avoided. 

A  second  geological  consideration  in  the  constrnction  of  the  dam,  and  one  to 
which  sufficient  attention  was  not,  in  my  opinion,  paid,  was  in  the  choice  of  mate- 
rial. Within  00  miles  of  Austin  by  rail  are  some  of  the  most  snperb  granite  quar- 
ries in  the  world.  This  material  was  used  to  face  the  dam,  but  its  center  was 
bnilt  of  the  same  soluble  limestone  as  that  previously  mentioned,  which  was 
obtained  from  a  (inarry  at  the  mouth  of  Bee  Creek  on  the  south  ^weet)  side  of  the 
river,  less  than  half  a  mile  from  the  dam.  An  examination  of  the  face  of  the 
quarry  shows  the  character  of  the  material  taken  from  it  for  use  in  the  dam,  and 
a  glance  is  sufficient  to  show  that  its  solubility  was  such  as  to  render  it  utterly 
imtrustworthy. 

Mr.  J.  P.  P'rizell,  aft«r  an  examination  of  the  pi'eceding  statements, 
adds  that  the  location  at  Mormon  Falls,  2  miles  above  the  chosen  site, 
presented  points  of  decided  superiority  over  the  locality  selected,  but 
the  board  of  public  works  thought  that  location  inconsistent  with  the 
purpases  of  the  improvement.  Mr.  Frizell  does  not  consider  that  the 
soluoility  of  the  rock  had  any  bearing  on  the  failure,  and  sees  no 
reason  to  doubt  that  the  immediate  cause  was  the  undermining  on  the 
downstream  side,  caused  by  the  abrasive  action  of  the  current  and 
the  constant  stream  of  Water  coming  from  the  power  house  and  flow- 
ing along  the  toe  of  the  dam  on  its  way  to  the  open  channel  of  the 
river.  A  progressive  weakening  is  attested  by  the  fact  that  during 
the  i>reeeding  year  the  dam  had  withstood  a  flood  substantially  as 
great  as  the  one  in  which  it  failed.  The  toe  of  the  dam,  whioh  was 
left  without  support  by  the  undermining,  contained  granite  blocks  of 
more  than  6  tons  weight. 

It  is  on  record  that  the  breaking  down  of  this  unsupported  toe  was 
immii^ent,  in  which  event  each  of  these  stones  would  become  a  mill- 
stone (propelled  in  such  a  flood  by  some  2,000  horsepower)  in  the 
work  of  grinding  the  friable  rock  bottom  and  extending  the  under- 
minirg.  At  the  wooden  dam  across  Connecticut  River  at  Holyoke, 
Mass  ?huBetts,  an  action  of  this  kind  became  threatening  in  1866.  A 
pit  20  feet  deep  had  formed  on  the  downstream  side  of  tlie  dam. 
This  danger  was  met  by  the  construction  of  a  massive  apron  of  crib 
work  filled  with  stone,  which  i^rolonged  the  duration  of  the  structure 
more  than  thirty  years,  or  until  the  construction  of  the  present  stone 
dam.  At  Austin  the  engineer  had  in  contemplation  from  the  begin- 
ning a.i  analogous  work,  viz,  an  extension  of  the  massive  apron  by  a 
bed  o;  concrete,  to  be  applied  as  soon  as  the  abrasive  action  had  made 
sufiicient  progi^ess  to  indicate  the  character  and  extent  of  the  work 
required  for  its  suppression. 
IRE  40 i 
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